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(57) It is the object of the present invention to pro- 
vide a pigment dispersed aqueous ink composition for 
ink jet printers, which gives reliable printing perform- 
ance and yields printed images which have excellent 
print quality. The ink compositions are suitable for print- 
ing on plain paper. The ink comprises water as the prin- 
cipal solvent, a pigment, and a pigment dispersant. The 
pigment dispersant is a derivative of a polyuronic acid in 
which a hydrophobic polymer is covalently attached to 
the reducing terminus of the polyuronic acid. The polyu- 
roric acid is composed primarily of 1 ,4-linked polygalac- 
turonic acid, polyguluronic acid, polyiduronic acid, or 
mixed polymers thereof. 
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Description 
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[0001] This invention relates to a pigment dispersed aqueous ink composition for use in ink jet printing which gives 
reliable printing performance and yields printed images which have excellent print quality. 

10 Rack ground Art 

[0002] Ink jet printing is a non-impact printing process in which the printer produces droplets of ink in response to 
digital signals, such as those generated by a computer. The droplets of ink are deposited on a substrate such as paper 
or transparent f ilms. Ink jet printers have found broad commercial acceptance due to their print quality low cost, rela- 
t s tively quiet operation, and graphics capability. Thermal (bubble jet) and piezoelectric drop-on-demand printers have 
been especially successful in the marketplace and have found broad application as printers for personal computers in 

the office and the home. . , , , . . n _ k „„j 

[0003] The inks used in ink jet printers can be classified as either dye based inks or pigment based .nks. Dye based 
inks are satisfactory for most applications, but generally have poor light fastness and water resistance. As a printed doc- 
ument is expected to have a certain degree of permanency, the lack of light fastness and water resistance of the printed 
image derived from dye based inks is a problem. Pigment based inks can be prepared which have excellent light fast- 
ness and water resistance. Thus, for purposes of obtaining a printed document with a reasonable degree of perma- 
nency, pigment based inks are preferred over dye based inks. T.«v.||„ 
[0004] Three major concerns dominate ink jet technology: (1) reliability. (2) drying rate, and (3) print quality. Typically, 
reliability is evaluated with respect to the following four criteria. The first is robustness with respect to continuous printing 
conditions such that the inkdroplet weight does not change over time and good directionality is maintained. Good direc- 
tionality means that the angular deviation of an ejected ink droplet from a nozzle is within about ±0.5" from the normal 
to the plane of the nozzle. The second is robustness with respect to intermittent printing conditions such that the noz- 
zles do not clog over the time interval in which printing is discontinued. The third is robustness with respect to long term 
storage of the ink within the print head such that printing behavior unchanged from the original printing behavior (ink 
droplet weight and good directionality) can be restored after applying a limited amount of suction to the nozzles. The 
fourth is chemical and physical stability of the ink towards storage at two temperature extremes and towards cycling 
between those two temperature extremes for an extended period of time. 

[00051 The drying rate of the ink is an important factor in determining the throughput rate of the pnnter. In a sheet fed 
printer, the ink on a printed sheet must be dry before the succeeding sheet contacts it. If the ink is not dry. smearing will 
occur 

[00061 Print quality is typically defined in terms of two general factors: (1) color properties and (2) non-color image 
characteristics Color properties of the ink are measured by optical density and the color coordinates which determine 
the hue Non-color characteristics which determine the definition of an image are resolution (drops per unit area), the 
area coverage per drop, edge acuity or sharpness, and the extent of peripheral defects such as satellites (stray droplets 
around the perimeter of a printed character) or feathering. 

[0007] A great concern with ink jet printing is the level of print quality, as defined by edge acuity or sharpness of an 
image and minimal feathering, which can be obtained on "plain paper." The term "plain paper" refers to a broad set of 
commercial papers, especially those available for use in electrographic copying. Such commercial papers do not rely 
on a unique structure, composition, or narrow set of properties such that only an ink et printer can make best use of the 
paper's properties. In recent years there has been an increasing demand for ink jet printers which provide excellent print 

?00©8] 0 "nter n rrS e print quality on plain paper, suitably designed pigment based inks are preferred over both conven- 
tional pigment based inks and dye based inks. When a liquid inkdroplet contacts the paper surface as a result of Inkjet 
printing the liquid spreads out from the impact origin and penetrates the paper. Cellulose fibers, present in most plain 
papers tend to act as wicks which draw the liquid along the length of the individual fibers by capillary action. 
[0009] ' In dye based inks, in which the colorant is homogeneously dissolved in the liquid, the colorant will spread out. 
penetrate, and be drawn along the length of cellulose fibers to the exact same degree as the hqu.d. The typical result 
for a dye based ink is a colored dot which has poorly defined feathered edges. 

[001 0] In pigment based inks, in which the colorant is homogeneously dispersed in the liquid, unless the dispersion 
stability of the colorant is disrupted upon contact with the paper, the colorant will spread out, penetrate, and be drawn 
along the length of cellulose f ibers to the nearly the same degree as the liquid. The typical result for a conventional pig- 
ment based ink is a colored dot which has poorly defined feathered edges. In contrast, a suitably designed pigment 
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based ink, in which the dispersion stability of the colorant is disrupted upon contact with the paper, the colorant will not 
spread out, penetrate, and be drawn along the length of cellulose fibers in the same way as the liquid. For this type of 
ink, the colorant effectively separates from the liquid carrier. The result is a colored dot which has a sharp edge bound- 
ary with negligible feathering. 

s [0011] Water-based pigment dispersions are well known in the art, and have been used commercially for applying 
films, such as paints, to various substrates. A stable pigment dispersion is obtained by using a pigment dispersant 
which provides stability through either steric stabilization only or a combination of both steric stabilization and ionic sta- 
bilization. 

[001 2] Examples of polymer dispersants which provide only steric stabilization belong to the group of non-ionic water 
10 soluble polymers: polyvinyl alcohol, cellulosics, ethylene oxide modified phenols, and ethylene oxide/propylene oxide 
polymers. Pigment dispersions which incorporate such polymers do not lose their dispersion stability upon contact with 
paper, and thus, yield printed images with poorly defined feathered edges. 

[001 3] Examples of polymer dispersants which provide both steric and ionic stabilization are those constructed from 
monomers of neutralized acrylic, maleic, or vinyl sulfonic acid. Pigment dispersions, which incorporate suitably 
is designed polymer dispersants of this type, can be made to lose their dispersion stability upon contact with paper and 
yield printed images with sharp edge boundaries and negligible feathering. The means by which polymer dispersants 
of this type lose their dispersion stability upon contact with paper is described below. 

[001 4] Because polymers of this type contain multiple neutralized acid functionalities, they can be classified as anionic 
polyelectrolytes. Typically, anionic polyelectrolytes bind to multivalent cations such as magnesium, calcium, and alumi- 

20 num. The strength and sensitivity of the multivalent cation binding depend on the linear charge density and the structure 
of the polyelectrolyte. For suitably designed pigment dispersions containing polymers, which have multiple neutralized 
acid functionalities, the polymers will bind to multivalent cations which are present on the surface of typical plain papers. 
If the degree of multivalent cation binding is sufficient, the anionic charge density of the dispersant will be partially or 
completely neutralized. Charge neutralization results in the loss of ionic stabilization with the concomitant result that the 

25 dispersion stability of the colorant is disrupted. As noted above, such disruption of the dispersion stability of the colorant 
will result in the colorant separating from the liquid carrier. The net result is a printed image which has sharp edge 
boundaries with negligible feathering. 

[001 5] The strength and sensitivity of polyelectrolyte multivalent cation binding depend on both the linear charge den- 
sity and structure of the polyelectrolyte. In general, the higher the linear charge density of the polyelectrolyte, the 

30 greater the binding interaction between the polyelectrolyte and multivalent cations. Linear charge density is higher for 
polymers, in which the neutralized acid functionalities are on adjacent monomer units, than for polymers, in which the 
neutralized acid functionalities are on monomer units which are interspersed with nonionic monomer units. As an exam- 
ple, polyacrylic acid has a higher linear charge density than a random polymer of acrylic acid and styrene. The structure 
of the polyelectrolyte also can influence the strength and sensitivity of multivalent cation binding. If the binding sites on 

35 the polyelectrolyte have shapes and coordination environments which optimally match the ionic radii of multivalent cat- 
ions, the binding interaction between that polyelectrolyte and multivalent cations will be greater that that of a similar pol- 
yelectrolyte with no special structural features. Obviously, a binding site which is optimal for Ca 2+ (ionic radius: 1.14 A; 
six-coordinate) will not necessarily be optimal for Mg 2+ (ionic radius: 0.86 A, six-coordinate). It also follows that a bind- 
ing site which is optimal for Ca 2+ (ionic radius: 1 .14 A; six-coordinate) may also bind reasonably well to monovalent Na + 

40 (ionic radius: 1.16 A; six-coordinate). 

[001 6] It must be noted, however, that polymer dispersants which are constructed from only monomers of neutralized 
acrylic, maleic, or vinyl sulfonic acids, which are hydrophilic, do not yield stable pigment dispersions. This is because 
hydrophilic functionalities do not adhere sufficiently to the surface of conventional pigments. Stable pigment dispersions 
can be obtained only if the polymer dispersant also contain one or more hydrophobic segments which adsorb onto and 

45 adhere to the surface of the pigments. Thus, polymer dispersants, which provide both steric and ionic stabilization, must 
contain both hydrophobic segments and hydrophilic segments. 

[0017] In U.S. Pat. No. 4,597,794, an aqueous ink dispersion for ink jet printers is described in which the pigment is 
dispersed using a random copolymer having hydrophilic neutralized carboxylic acid substituents and hydrophobic aro- 
matic ring substituents that adhere to the pigment surface. Because the polymer is a random copolymer, the linear 
so charge density is low and sensitivity towards multivalent cations on the surface of typical plain papers is expected to be 
low. 

[0018] In U.S. Pat. No. 5.085,698, an aqueous ink dispersion for ink jet printers is described in which the pigment is 
dispersed using an AB or BAB block copolymer. The A segment of the block copolymer is a hydrophobic, water insolu- 
ble homopolymer or copolymer of an acrylic acid ester or an acrylic acid amide. The B segment of the block copolymer 
55 is a hydrophilic water soluble homopolymer or copolymer of an acrylic acid, an acrylic acid amide, or an acrylic acid 
ester in which the alcohol portion of the ester contains hydrophilic functionalities. For block polymers with B segments 
which contain acrylic acid functionalities, the acid functionalities are neutralized with neutralizing agents selected from 
the group consisting of organic bases, alkanolamines, alkali metal hydroxides, and mixtures thereof. The specific exam- 
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pies and comparative examples given in this patent show that inks formulated with AB or BAB block copolymer pigment 
dispersants, having discrete hydrophobic and hydrophilic segments, have better printhead performance than inks for- 
mulated with random copolymers of hydrophobic and hydrophilic monomers. Furthermore, because block copolymers 
have a high linear charge density on the hydrophilic B segment, better sensitivity than the above described random 
copolymers is expected towards multivalent cations on the surface of typical plain papers. Although the hydrophilic B 
segments have a high linear charge density, they do not have any special structural features which favor binding to mul- 
tivalent cations. 

[001 9] As can be seen from the above examples, there remains a need for improved pigment dispersed aqueous ink 
compositions in which the pigment is stabilized by polymer dispersants which contain both hydrophobic and hydrophilic 
segments Improved pigment dispersed aqueous ink compositions which give reliable printing performance and yield 
printed images which have excellent print quality are desired to meet the demanding needs of commercial ink jet print- 
ers. 



SUMMARY Q F THE INVENTION 

[0020] It is an object of the present invention to provide a pigment dispersed aqueous ink composition for use in ink 
jet printing which gives reliable printing performance and yields printed images which have excellent print quality. The 
ink compositions are suitable for printing on plain paper. 

[0021 ] According to the present invention, there is provided a pigment dispersed aqueous ink composition for use in 
ink jet printing which comprises water as the principal solvent, a pigment, and a pigment dispersant wherein the d.sper- 
sant is a derivative of a polyuronic acid in which a hydrophobic polymer is covalently attached to the reducing terminus 
of the poly uronic acid. 

[0022] It is another object of the present invention to provide a novel polyuronic acid derivative and a novel dispersant 
comprising the polyuronic acid derivative. 

[0023] According to the present invention, there is provided a polyuronic acid derivative which comprises a polyuronic 
acid and a hydrophobic polymer covalently attached to the reducing terminus of the polyuronic acid. Furthermore, there 
is provided a dispersant comprising the polyuronic acid derivative. 



DETAILED DESCRIPTION OF THE INVENTION 



Ink Composition 

[0024] The ink composition of the present invention is suitable for use in an ink jet printer using any of the methods 
known in the art for ejecting ink through a plurality of nozzles contained on a print head. The ink composition for the 
present invention can also be used in a writing instrument such as a pen, in which the conditions for use of the ink are 
less stringent than those of an ink jet printer. 



Polyuronic Acid Derivatives 

[0025] The polyuronic acid derivatives in the ink composition of the present invention have two parts: a polyuronic 
acid segment and a hydrophobic polymer segment covalently attached to the reducing terminus of the polyuronic acid. 
[0026] The polyuronic acid derivative functions as a dispersant for dispersing pigments in the ink composition of the 
present invention. The pigment dispersed aqueous ink composition gives good printing performance and produces 
printed images of excellent quality. Without intending to be bound by theory, it is believed that the polyuronic acid deriv- 
ative described herein is a two-part type dispersant containing a hydrophobic segment and a hydrophilic segment, but 
functions better than conventional two-part type dispersants. It yields stable dispersed pigments from which printed 
dots which are free from feathering, are realized. The hydrophobic segment of the polyuronic acid derivative adheres 
to the surface of the pigment such that the pigment is dispersed effectively in the ink composition. Furthermore, the 
polyuronic acid segment of the polyuronic acid derivative has a structure which is optimized for binding to multivalent 
cations. Specifically, the chain conformation of the polyuronic acid segment has a buckled shape containing pockets 
lined with carboxy groups and hydroxy groups. Structural studies of polyuronic acids indicate that the pockets are just 
the right size for binding to dipositive calcium ions. When the polyuronic acid segment of the polyuronic acid derivative 
binds to multivalent cations on the surface of plain paper, the stability of the pigment dispersion is disrupted. This pre- 
vents the pigment colorant from spreading out on the paper such that printed dots, which are free from feathering, are 
f ealized 

[0027] According to the present invention, polyuronic acid derivatives are provided as novel compounds. In another 
aspect of the present invention, novel dispersants comprising the polyuronic acid derivatives are also provided. 
[0028] The amount of the polyuronic acid derivative in the ink composition of the present invention is about 0.1% to 
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30 % by weight and more preferably 0. 1 to 20% by weight. 
Polvuronic Acid Segment 

5 [0029] The polyuronic acid is composed primarily of 1 ,4-linked polygalacturonic acid, polyguluronic acid, polyiduronic 
acid, or mixed polymers thereof. The polyuronic acids are available from natural materials and may also contain non- 
uronic acid saccharides. The uronic acid content of the polyuronic acids used in this invention is greater than 80 wt.%. 
More preferably the uronic acid content is greater than 85 wt.%. Even more preferably the uronic acid content is greater 
than 90 wt.%. 

10 [0030] Polygalacturonic acid is obtained by hydrolysis and de-esterif ication of pectin, a naturally occurring hydrocol- 
loid which is obtained from fruits such as lemons, limes, grapefruits, oranges, mangoes, apples, sunflowers, and sugar 
beets. Polyguluronic acid is obtained by partial acid hydrolysis of alginic acid, a naturally occurring polysaccharide 
obtained from seaweeds such as giant kelp (Macrocystis pyrifera), horsetail kelp (Laminaria digitata), and sugar kelp 
(Laminaria saccharina), followed by selective precipitation. Polyiduronic acid is obtained by hydrolysis of various animal 

75 polysaccharides. 

[0031] The number average molecular weight of the polyuronic acid used in the present invention is greater than or 
equal to about 700 and less than or equal to 10,000. More preferably the number average molecular weight of the poly- 
uronic acid is greater than or equal to about 700 and less than or equal to about 7000. 

20 Hydrophobic Polymer Segment 

[0032] In one embodiment of the present invention, the hydrophobic polymer segment is a homopolymer or copolymer 
prepared from at least one monomer selected from the group consisting of styrene or substituted styrenes, vinyl pyrid- 
ine or substituted vinyl pyridines, methacrylic acid esters, acrylic acid esters, acrylonitrile, methacrylonitrile, butadiene, 

25 and isoprene. Representative monomers that may be selected include, but are not limited to, the following: styrene, a- 
methyl styrene, 3-methyl styrene, 4-methyl styrene. 4-tert-butyl styrene, 3-nitrostyrene, 3-fluorostyrene. 4-f luorostyrene. 
2-vinyl pyridine, 4-vinyl pyridine, methyl methacrylate. ethyl methacrylate, propyl methacrylate. n-butyl methacrylate. 
tert-butyl methacrylate, hexyl methacrylate, 2-ethyl-hexyl methacrylate. octyl methacrylate, lauryl methacrylate. stearyl 
methacrylate, phenyl methacrylate, 2-ethoxyethyl methacrylate, 2-trimethylsiloxyethyI methacrylate, glycidyl methacr- 

30 ylate, p-tolyl methacrylate, methyl acrylate, ethyl acrylate, propyl acrylate, n-butyl acrylate, tert-butyl acrylate, hexyl acr- 
ylate, 2-ethyl-hexyl acrylate, octyl acrylate, lauryl acrylate, stearyl acrylate, phenyl acrylate, 2-ethoxyethyl acrylate, 2- 
trimethylsiloxyethyl acrylate, glycidyl acrylate, p-tolyl acrylate, acrylonitrile, methacrylonitrile, butadiene, and isoprene. 
[0033] The hydrophobic polymer, incorporating at least one of the monomers listed above, may be prepared using 
conventional anionic polymerization techniques. Because anionic polymerization uses living" polymeric carbanions, 

35 stringent conditions with respect to oxygen, moisture, and other impurities must be maintained during the polymeriza- 
tion reaction. Accordingly, solvents and monomers must be rigorously purified before polymerization. 
[0034] Hydrophobic polymers prepared using conventional anionic polymerization techniques have very narrow 
molecular weight distributions. The typical polymer has a dispersity less than 1.5 and generally in the range of 1.0 to 
1 .3. Dispersity is the polymer weight average molecular weight divided by the number average molecular weight. Both 

40 the polymer weight average molecular weight and the number average molecular weight can be obtained from size 
exclusion chromatography, using columns calibrated with polymer standards of known molecular weights. 
[0035] As is well known in the art for anionic polymerization, a number of electrophiles will react with "living" polymeric 
carbanions resulting in functional group terminated polymers. For the purpose of covalently attaching the hydrophobic 
polymer segment to the reducing terminus of the polyuronic acid, such functional group terminated polymers are desir- 

45 able. Carboxy terminated, hydroxy terminated and amino terminated polymers can be readily prepared by conventional 
techniques. 

[0036] In a second embodiment of the present invention, the hydrophobic polymer segment may be a hydrophobic 
polymer composed primarily of poly(alkylsiloxane), preferably poly(dimethylsiloxane). 

[0037] In a third embodiment of the present invention, the hydrophobic polymer segment is a polyamide. Specifically, 
so the polyamide hydrophobic polymer segment is an N-acylated derivative of a polyamine, with the polyamine being one 
in which greater than 50% of the amine functionalities are either primary or secondary amines. 
[0038] The polyamine, from which the polyamide is derived, is selected from the group of polyamines consisting of 
linear polyethylenimines, branched polyethylenimines, polyallylamine, poly-N-alkylallylamines, and polyvinylamine. 
[0039] The acyl groups. R-(CO)-. of the polyamide comprise at least one selected from the following acyl groups: 
55 C n H{ 2n +i)-(CO)-. in which n is greater than or equal to 3, preferably 3 to 19; phenyl-(CO)-; substituted phenyl-(CO)-; 
phenyl-CH 2 -(CO)-; substituted phenyl-CH 2 -(CO)-; phenyl-C 2 H 4 -(CO)-; and substituted phenyl-C 2 H 4 -(CO)-. Polyamines 
N-acylated with the acyl groups CH 3 -(CO)- and C 2 H 5 -(CO)- are not hydrophobic and will dissolve in water. Polyamines 
N-acylated with acyl groups C n H (2r>+1) -(CO)-, in which n is greater than or equal to 3, are hydrophobic. Similarly, 
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polyamines N-acylated with acyl groups which contain an aryl group are hydrophobic. 

[00401 In a fourth embodiment of the present invention, the hydrophobic polymer segment is a hydrophobic 
polyamine Specif ically, the hydrophobic polyamine polymer segment is a poly-N-alkylated derivative of a water soluble 
polyamine The water soluble polyamine. from which the hydrophobic poly-N-alkylated polyamine is derived, is selected 
from the group of water soluble polyamines consisting of polyethylenimines. polyallylamines, polyvmylamines, polypro- 
pylene imine) dendrimers, and poly(amidoamine) dendrimers. 

[0041] The alkyl groups of the poly-N-alkylated derivative of the water soluble polyamine have the following general 
form- -CHX^a. The group X, may be H. an alkyl. a substtuted alkyl. an aryl. or a substituted aryl group. The group X 2 
also may be H an alkyl. a substituted alkyl. an aryl. or a substituted aryl group. The selection of X, and X 2 will depend 
on the selection of water soluble polyamine which is covalently attached to the reducing terminus of the polyuronic acid. 
For example in the case of the low molecular weight branched polyethylenimine. tris(2-aminoethyl)amine. which has 
the chemicalformula (H 2 NCH 2 CH 2 ) 3 N, the selection of X, and X 2 are dictated by the specification of the present inven- 
tion in which the molecular weight of the hydrophonic polymer is greater than or equal to 300. For fully alkylated tris(2- 
aminoethyl)amine, when X, and X 2 are the same, the number of carbon atoms of and X 2 must be greater than or 
equal to 3 to yield a molecular weight of the hydrophobic polymer grealer than 300. Similarly, for partially alkylated 
tris(2-aminoethyl)amine, when X, is H and X 2 is an alkyl or substituted alkyl. the number of carbon atoms of X 2 must 
be greater than or equal to 4 to yield a molecular weight of the hydrophobic polymer greater than 300. For higher molec- 
ular weight water soluble polyamines. having molecular weights greater than or equal to 300. there is no restriction on 
the number of carbon atoms in the selection of X, and X 2 . In addition to the selection of the water soluble polyamine, 
the selection of X n and X 2 will depend on the molecular weight of the polyuronic acid. The greater the hydrophobicity of 
the hydrophobic polyamine, the greater the molecular weight of the polyuronic acid must be in order to yield a water 
soluble polyuronic acid derivative. 

[0042] The degree of N-alkylation of the covalently attached water soluble polyamine is greater than 10% of the total 
amine functionalities on the water soluble polyamine. More preferably the degree of N-alkylation is grealer than 20%. 
Still more preferably the degree of N-alkylation is greater than 30%. 

[0043] The hydrophobic polymers of the present invention have a number average molecular weight less than or equal 
to 15 000 and more preferably less than or equal to 10.000. The hydrophobic polymers of the present invention have 
a number average molecular weight greater than or equal to 300. The preferred range of number average molecular 
weight is from 500 to 5000. 

Covalent Attachment to the Reducing Terminus of the P ol y uronic Apid 

[0044] As noted above, in U.S. Pat. No. 5.085.698 the advantages of AB or BAB block copolymer pigment disper- 
sants having discrete hydrophobic (A) and hydrophilic (B) segments, in comparison to random copolymers has been 
clearly demonstrated. Single covalent attachment of one hydrophobic polymer to one terminus of the polyuronic acid 
would yield a polyuronic acid derivative which could be classified as an AB block copolymer according the classification 
scheme in U S Pat No. 5.085.698. Double covalent attachment of two hydrophobic polymers to both termini of the 
polyuronic acid would yield a polyuronic acid derivative which could be classified similarly as a BAB block copolymer. 
Multiple covalent attachment of several hydrophobic polymers to multiple functional groups on the polyuronic acid would 
yield a polyuronic acid derivative which could not be classified within the classification scheme of that patent. As will be 
described below, single covalent attachment of one hydrophobic polymer to one terminus of the polyuronic acid is the 
method of choice for preparing the pigment dispersants of the present invention. 

[0045] The polyuronic acids described above have several functional groups to which hydrophobic polymers can be 
chemically attached: hydroxy groups (two per uronic acid except for the non-reducing terminus of the polyuronic acid 
which has three), carboxy groups (one per uronic acid), and a single terminal aldehyde group on the reducing terminus 
of the polyuronic acid. Covalent attachment of hydrophobic polymers to either hydroxyl groups or carboxy groups is 
expected to have a deleterious effect on the binding of multivalent cations by the polyuronic acid. In support of this 
statement Schweiger has shown that partial acetylation of the hydroxyl groups of polyuronic acids results in diminished 
capacity to form a gel with calcium ions (J. Org. Chem.. Vol.: 27. Page: 1789. Year: 1962; Vol.: 29. Page: 2973. Year: 
1 964). Because the carboxy groups are essential for the binding of multivalent cations, it goes without saying, that cov- 
alent attachment of hydrophobic polymers to the carboxy groups will diminish the binding interaction. In support of this 
statement, Kohn and Furda have shown that increasing the degree of esterification of the carboxy groups of polygalac- 
turonic acid results in decreasing stability constants for the calcium polygalacturonates (Coll. Czech. Chem. Commun., 
Vol.: 32, Page: 4470. Year: 1967). 

[0046] As there is only one unique functional group per polyuronic acid molecule, the terminal aldehyde group, single 
covalent attachment of one hydrophobic polymer to the terminal aldehyde or a derivative of the terminal aldehyde is the 
method of choice for preparing the pigment dispersants of the present invention. Because the aldehyde group is 
present on the reducing terminus of the polyuronic acid, covalent attachment of a hydrophobic polymer is not expected 
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to disrupt the binding interaction between the polyuronic acid segment and multivalent cations present on the surface 
of plain paper. 

[0047] Although many synthetic approaches are available for covalent attachment of hydrophobic polymers to the ter- 
minal aldehyde of the polyuronic acid or derivatives thereof, the preferred method of the present invention is reductive 

5 amination using an amino terminated hydrophobic polymer and unmodified polyuronic acid. As is well known for 
polysaccharides, such as polyuronic acid, the aldehyde group on the reducing terminus exists in solution predominantly 
as a cyclic hemiacetal. Specifically, for polyuronic acids, the reducing terminus exists as a six-membered cyclic hemia- 
cetal called a pyranose. Reductive amination using either primary or secondary amines results in opening, and thus dis- 
ruption, of the pyranose ring structure. Disruption of one polyuronic acid unit at the terminal position is not expected to 

w have a deleterious effect on the binding interaction between the polyuronic acid segment and multivalent cations. 

[0048] Reductive amination using a primary amine terminated hydrophobic polymer yields a secondary amine. Sim- 
ilarly, reductive amination using a secondary amine terminated hydrophobic polymer results in a tertiary amine. Both 
potential amine products are chemically robust and stable with respect to hydrolysis. Thus, inks containing pigment dis- 
persants prepared by reductive amination are expected to be chemically stable. 

is [0049] Reductive amination is conveniently carried out using borohydride or cyanoborohydride salts in aqueous or 
alcoholic aqueous solutions. Typically used borohydride salts include sodium borohydride, potassium borohydride, lith- 
ium borohydride, tetramethylammonium borohydride, and tetrabutylammonium borohydride. Typically used cyanoboro- 
hydride salts include sodium cyanoborohydride, potassium cyanoborohydride, lithium cyanoborohydride, and 
tetrabutylammonium cyanoborohydride. Borohydride salts must be used at pH values greater than about 7. Cyanoboro- 

20 bydride salts can be used at pH values as low as about 3. Borohydride or cyanoborohydride salts are very selective and 
will not reduce any of the carboxy groups which are present on the polyuronic acid. Less selective reagents for reductive 
amination which may be used include hydrogen with a catalyst, zinc and hydrochloric acid, iron pentacarbonyl and alco- 
holic potassium hydroxide, and formic acid. 

[0050] The polyuronic acid derivative of the third embodiment of the present invention may be prepared by first pro- 
25 viding a hydrophobic polyamide and then covalently attaching this polyamide to the reducing terminus of the polyuronic 
acid. However, according to the preferred embodiment of the present invention, the polyamide hydrophobic polymer 
segment may be prepared by first covalently attaching a polyamine, through one of its amine functionalities, to the 
reducing terminus of the polyuronic acid. This covalent attachment is readily accomplished by reductive amination, as 
described above. In the second step, the multiple amino functionalities of the covalently attached polyamine segment 
30 are selectively N-acylated using acylating reagents such as organic acid halides or organic acid anhydrides. Primary 
amines N-acylated in this manner yield primary amides. Similarly, secondary amines N-acylated in this manner yield 
secondary amides. Tertiary amines are not acylated. 

[0051] Non-selective acylation of a polyuronic acid with a covalently attached polyamine segment, in which both 1) 
amine functionalities on the polyamine segment are converted to amides (N-acylation) and 2) hydroxyl groups on the 

35 polyuronic acid segment are converted to esters (O-acylation), must be avoided. As noted previously, partial acetyl 
acylation of the hydroxyl groups of polyuronic acids, results in diminished capacity to form gels with calcium ions. It fol- 
lows that a polyuronic acid with a covalently attached polyamine segment, which is non-selectively acylated, will not 
have a high affinity for multivalent cation binding. As a consequence, pigment dispersed aqueous ink compositions, 
containing such non-selectively acylated dispersants, would not be expected to yield printed images having excellent 

40 print quality. 

[0052] Published methods exist in the scientific literature for the selective N-acylation of amine functionalities in the 
presence of hydroxyl groups. In work published by Katsutoshi Inoue et al. (Adv. Chitin Science, Vol.: 1 , Page: 271 , Year: 
1996), chitosan, a natural polymer derived from crustacean shells which contains one primary amine and two hydroxyl 
groups per monomer unit, is selectively N-acylated using diethylenetriaminepentaacetic acid anhydride in pyridine 

45 (65°C; 24 hours). This reaction is a general one in which other organic acid anhydrides can be substituted for diethyl- 
enetriaminepentaacetic acid anhydride. In work published by Gunda I. Georg etal. (Bioorganic and Medicinal Chemis- 
try Letters, Vol.: 4, No. 2; Page: 335, Year: 1994), N-debenzoyltaxol, a complex diterpene which contains one primary 
amine and three hydroxyl groups, is selectively N-acylated with various organic acid chlorides under Schotten-Bau- 
mann conditions using sodium bicarbonate as a pH buffer. Both of these two approaches can be used to selectively N- 

50 acylate a polyuronic acid with a covalently attached polyamine segment. 

[0053] Commercially available and useful acylating reagents of the organic acid halide type include the following: 
butyryl chloride, isobutyryl chloride, valeryl chloride, isovaleryl chloride, trimethylacetyl chloride, hexanoyl chloride, tert- 
butylacetyl chloride, heptanoyl chloride, octanoyl chloride, 2-ethylhexanoyl chloride, nonanoyl chloride, decanoyl chlo- 
ride, undecanoyl chloride, lauroyl chloride, myristoyl chloride, palmitoyl chloride, stearoyl chloride, benzoyl chloride, 

55 phenylacetyl chloride, o-toluoyl chloride, m-toluoyl chloride, p-toluoyl chloride. 4-ethyIbenzoyl chloride, hydrocinnamoyl 
chloride. 4-propylbenzoyl chloride, 4-butyIbenzoyl chloride, 4-tert-butylbenzoyl chloride, 4-pentylbenzoyl chloride, 4- 
hexylbenzoyl chloride, 4-heptylbenzoyl chloride. Commercially available and useful acylating reagents of the organic 
acid anhydride type include the following: butyric anhydride, isobutyric anhydride, valeric anhydride, trimethylacetic 
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anhydride, hexanoic anhydride, heptanoic anhydride, decanoic anhydride, benzoic anhydride. 
[0054] Polyamines used in the third embodiment of the present invention can be obtained as follows. Linear polyeth- 
ylenimines can be prepared by hydrolysis of poly(N-acyl)alkylenimines as described in a paper by Takeo Saegusa et al. 
(Macromolecules, Vol.: 5, Page: 4470, Year: 1972). Branched polyethylenimines, in a variety of molecular weights, are 
commercially available from BASF and Nihon Shokubai. Polyallylamine and poly(N-alkyl)allylamines, in a variety of 
molecular weights, are commercially available from Nitto Boseki. Polyvinylamine, in a variety of molecular weights, is 
commercially available from Mitsubishi Kasei. 

[0055] The polyuronic acid derivative of the fourth embodiment of the present invention may be prepared by first pro- 
viding a hydrophobic polyamine and then covalently attaching this polyamine to the reducing terminus of the polyuronic 
acid. However, according to the preferred embodiment of the present invention, the hydrophobic polyamine polymer 
segment may be prepared by first covalently attaching a water soluble polyamine. through one of its amine functionali- 
ties, to the reducing terminus of the polyuronic acid. This covalent attachment is readily accomplished by reductive ami- 
nation, as described above. In the second step, the multiple amine functionalities of the covalently attached polyamine 
segment are selectively N-alkylated by reductive amination using aldehydes and/or ketones as the source of the alkyl 
groups. As described above, reductive amination is conveniently carried out using borohydride or cyanoborohydride 
salts. In the case in which an excess of an aldehyde is used, reductive amination of primary amine and secondary 
amine functionalities on the covalently attached water soluble polyamine segment will yield tertiary amine functionali- 
ties. In the case in which an excess of a ketone is used, reductive amination of primary amine and secondary amine 
functionalities on the covalently attached water soluble polyamine segment will yield secondary amine functionalities 
and tertiary amine functionalities, respectively. 

[0056] Water soluble polyamines used in the fourth embodiment of the present invention can be obtained as folows. 
Branched polyethylenimines, in a variety of molecular weights, are commercially available from BASF and Nihon 
Shokubai. Polyallylamines are commercially available from Nitto Boseki and polyvinylamines are commercially availa- 
ble from Mitsubishi Kasei. Polypropylene imine) dendrimers are commercially available from DSM Fine Chemicals. 
Poly(amidoamine) dendrimers may be purchased under the trade name of Starburst™ dendrimers from the Aldrich 
Chemical Company, Inc. 

[0057] In the third and fourth embodiments of the present invention, the hydrophobic segment is prepared in a two- 
step process, in which a polyamine is covalently attached in the first step, through one of its amine functionalities, to the 
reducing terminus of the polyuronic acid. This covalent attachment is readily accomplished by reductive amination, as 
described above. In order to effect the covalent attachment of one polyuronic acid per one polyamine and not the cov- 
alent attachment of multiple polyuronic acids per one polyamine, it is necessary to use an excess of polyamine, with 
respect to the polyuronic acid, in the reductive amination. A stoichiometric ratio of polyamine to polyuronic acid in the 
reductive amination reaction of greater than about 2:1 is preferred. For most linear and branched polyamines, there will 
be several chemically distinct amine functionalities through which covalent attachment to the polyuronic acid can occur. 
Although some control, as to which amine functionalities will be selectively attached to the polyuronic acid, can be 
achieved by varying the pH of the reductive amination reaction, in general, a mixture of compounds, differing with 
regard to the chemical identity of the attached amine, will be obtained. For dendrimer polyamines, having a single 
chemically distinct amine functionality, covalent attachment of the polyamine through one of its amine functionalities will 
yield a single compound, if the polydispersity of the polyuronic acid is ignored. 

[0058] Synthetic approaches other than reductive amination, which result in single covalent attachment of one hydro- 
phobic polymer to the reducing terminus of the polyuronic acid, are also within the scope of the present invention. 
[0059] For example, a hydrophobic polymer, functional ized with a terminal aryl hydrazine group, is expected to react 
selectively with the terminal aldehyde in aqueous or alcoholic aqueous solutions to yield a phenylhydrazone derivative. 
Another approach, which has been used for the synthesis and screening of glycoconjugates, should be applicable to 
polyuronic acids. In the first step of this approach, the reducing terminus hemiacetal is converted to a glycosylamine 
derivative by stirring a solution of the polysaccharide in saturated aqueous ammonium carbonate for several days. This 
reaction has been successfully demonstrated for charged polysaccharides. In the second step, the glycosylamine deriv- 
ative is selectively amidated using a large excess of the homobifunctional reagent, disuccinimidyl suberate (DSS). As 
a result of this derivatization, one N-hydroxysuccinimidyl ester is left intact, allowing for further derivatization. In the third 
step, the DSS modified glycosylamine derivative is selectively amidated using an amine functional ized hydrophobic pol- 
ymer. The net result is single covalent attachment of one hydrophobic polymer to the reducing terminus of the polysac- 
charide by means of an eight carbon spacer group 

PIGMENT 

[0060] The pigment of the present invention comprises at least one selected from the group consisting organic or inor- 
ganic pigments. The term "pigment" as used herein means an insoluble colorant. 

[0061 ] The pigment particles are sufficiently small to permit free flow of the pigment dispersed ink through the ink jet 
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printing device, especially through the ejecting nozzles which typically have a diameter ranging from 10 to 50 microns. 
The particle diameter of the pigment is preferably 10 microns or less and more preferably 1 .0 micron or less. 
[0062] The selected pigment may be used in dry or wet form. Usually pigments are manufactured in aqueous media 
and the resulting pigment is obtained as a water wet presscake. In this presscake form, the pigment is not agglomerated 
5 to the extent that it is in a dry form. Pigments in wet presscake form do not require as much def locculation in the process 
of preparing inks as do dry pigments. 

[0063] Pigments of the present invention may include the following: Symuler Fast Yellow GF (Dainippon Ink; C.I. Pig- 
ment Yellow 12), Symuler Fast Yellow GRF (Dainippon Ink; C.I. Pigment Yellow 13), Symuler Fast Yellow 5GF (Dainip- 
pon Ink; C.I. Pigment Yellow 14), Irgalite Yellow CG (Ciba-Geigy; C.I. Pigment Yellow 16), Symuler Fast Yellow HGF 
io (Dainippon Ink; C.I. Pigment Yellow 17), Symuler Fast Yellow 41 17 (Dainippon Ink; C.I. Pigment Yellow 73), Symuler 
Fast Yellow 4191 N (Dainippon Ink; C.I. Pigment Yellow 74), Symuler Fast Yellow 4181 (Dainippon Ink; C.I. Pigment Yel- 
low 83), Chromophthal Yellow 3G (Ciba-Geigy; C. I. Pigment Yellow 93), Chromophthal Yellow GR (Ciba-Geigy; C.I. Pig- 
ment Yellow 95), Symuler Fast Yellow 4186 (Dainippon Ink; C.I. Pigment Yellow 97), Hansa Brilliant Yellow 10GX 
(Hoechst Celanese; C.I. Pigment Yellow 98), Permanent Yellow G3R-01 (Hoechst Celanese; C.I. Pigment Yellow 114), 
15 Chromophthal Yellow 8G (Ciba-Geigy; C.I. Pigment Yellow 128), Irgazin Yellow 5GT (Ciba-Geigy; C.I. Pigment Yellow 
129), Hostaperm Yellow H4G (Hoechst Celanese; C.I. Pigment Yellow 151), Symuler Fast Yellow 4192 (Dainippon Ink; 
C.I. Pigment Yellow 154), Hostaperm Orange GR (Hoechst Celanese; C.I. Pigment Orange 43), Paliogen Orange 
(BASF; C.I. Pigment Orange 51), Symuler Brilliant Carmine (Dainippon Ink; C.I. Pigment Red 57:1), Fastogen Super 
Magenta (Dainippon Ink; C.I. Pigment Red 122), Paliogen Red L3870 (BASF; C.I. Pigment Red 123), Hostaperm Scar- 
ce let GO (Hoechst Celanese; C.l. Pigment Red 168), Permanent Rubine F6B (Hoechst Celanese; C.I. Pigment Red 184), 
Monastral Magenta (Ciba-Geigy; C.l. Pigment Red 202), Monastral Scarlet (Ciba-Geigy; C.l. Pigment Red 207), Fas- 
togen Blue GP-100 (Dainippon Ink; C.l. Pigment Blue 15:2), Fastogen Blue GNPR (Dainippon Ink; C.l. Pigment Blue 
15:3), Fastogen Blue GNPS (Dainippon Ink; C.l. Pigment Blue 15:4), Micracet Blue R (Ciba-Geigy; C.l. Pigment Blue 
60), Fastogen Green S (Dainippon Ink; C.l. Pigment Green 7), Fastogen Green 2YK (Dainippon Ink; C.l. Pigment Green 
25 36), Fastogen Super Red (Dainippon Ink; C.l. Pigment Violet 19), Fastogen Super Violet (Dainippon Ink; C.l. Pigment 
Violet 23), Monastral Maroon RT-229-D (Ciba-Geigy; C.l. Pigment Violet 42). Raven 1170 (Columbian Chemicals; C.l. 
Pigment Black 7), Special Black 4A (Degussa; C.l. Pigment Black 7), FW 18 (Degussa; C.l. Pigment Black 7) and Col- 
our Black S 160 (Degussa; C.l. Pigment Black 7). 

[0064] The amount of pigment in the ink composition of the present invention is about 0.1% to 20% by weight and 
30 more preferably 0. 1 to 1 0% by weight. 

WATER 

[0065] Water is the principal solvent for the pigment dispersed aqueous ink compositions of the present invention. 
35 Additional components which may be included in the ink compositions are given below. The amount of the aqueous car- 
rier medium in the ink composition of the present invention is 70 to 99.8% by weight. 

BASE 

40 [0066] To solubilize the polyuronic acid segment of the pigment dispersant in the aqueous medium, it may be neces- 
sary to neutralize some or all of the carboxylic acid functions. Bases which are suitable for this purpose include organic 
bases, alkanolamines, alkali metal hydroxides, and mixtures thereof. Examples of suitable bases include the following: 
methylamine, dimethylamine, trimethylamine, morpholine, N-methylmorpholine, monoethanolamine, diethanolamine, 
triethanolamine, N-methyl -monoethanolamine, N,N-dimethyl-monoethanolamine, N-methyl-diethanol amine, tetrameth- 

45 ylammonium hydroxide, ammonia, lithium hydroxide, sodium hydroxide, potassium hydroxide, rubidium hydroxide, and 
cesium hydroxide. 

WATER SOLUBLE COSOLVENTS 

so [0067] In addition to the above described components, the inks may contain, optionally, one or more water soluble 
organic solvents. Water soluble organic solvents are well known and include: (1) alcohols such as isopropyl alcohol, 
butyl alcohols, etc. (2) ketones such as acetone, methyl ethyl ketone, etc. (3) ethers such as tetrahydrofuran, dioxane, 
etc. (4) esters such as ethyl acetate, propylene carbonate, etc. (4) polyhydric alcohols such as ethylene glycol, propyl- 
ene glycol, butylene glycol, diethylene glycol, triethylene glycol, polyethylene glycol, polypropylene glycol. 1 ,5-pentane- 

55 diol, 1.2.6-hexanetriol, thiodiglycol, glycerol, etc. (6) lower alkyl ethers of polyhydric alcohols such as ethylene glycol 
monomethyl ether, ethylene glycol dimethyl ether, ethylene glycol monoethyi ether, ethylene glycol diethyl ether, ethyl- 
ene glycol mono-n-propyl ether, ethylene glycol mono-isopropyl ether, ethylene glycol mono-n-butyl ether, ethylene gly- 
col mono-sec-butyl ether, ethylene glycol mono-isobutyl ether, ethylene glycol mono-tert-butyl ether, ethylene glycol 
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mono-n-amyl ether, ethylene glycol mono-n-hexyl ether, propylene glycol monomethyl ether, propylene glycol dimethyl 
ether, propylene glycol monoethyl ether, propylene glycol diethyl ether, propylene glycol mono-n-propyl ether, propylene 
glycol mono-isopropyl ether, propylene glycol mono-n-butyl ether, propylene glycol mono-sec-butyl ether, propylene 
glycol mono-isobutyl ether, propylene glycol mono-tert-butyl ether, diethylene glycol monomethyl ether, diethylene gly- 
col dimethyl ether, diethylene glycol monoethyl ether, diethylene glycol mono-n-propyl ether, diethylene glycol mono- 
isopropyl ether, diethylene glycol mono-n-butyl ether, dipropylene glycol monomethyl ether, dipropylene glycol monoe- 
thyl ether, dipropylene glycol mono-n-propyl ether and dipropylene glycol mono-n-butyl ether, etc. (7) nitrogen contain- 
ing compounds such as urea, pyrrolidone, N-methyl-2-pyrrolidone, etc. (8) sulfur containing compounds such as 
dimethylsulfoxide, tetramethylene sulfoxide, etc. No particular limitation is imposed on the total amount of cosolvent to 
be used in the ink. Preferably it is present in a range of 0.5 to 40 wt.%. 

OTHER COMPONENTS 

[0068] In addition to the above described components, the inks may contain, optionally, one or more penetrability- 
imparting surfactants selected from the group consisting of anionic or non-ionic surfactants. Examples of anionic sur- 
factants include fatty acid salts, higher alcohol sulfuric ester salts, alkylbenzene sulfonates, and higher alcohol phos- 
phoric ester salts. Examples of nonionic surfactants include ethylene oxide adducts of acetylenic diols, ethylene oxide 
adducts of higher alcohols, ethylene oxide adducts of alkylphenols, aliphatic ethylene oxide adducts, ethylene oxide 
adducts of higher alcohol fatty acid esters, ethylene oxide adducts of higher alkyl amines, ethylene oxide adducts of 
fatty acid amides, ethylene oxide adducts of polypropylene glycol, fatty acid esters of polyhydric alcohols, alkanolamine 
fatty acid amides and ethylene oxide-propylene oxide copolymers. Preferably used are ethylene oxide adducts of acet- 
ylenic diols which are available from Air Products and Chemicals, Inc.; Allentown, Pennsylvania. 18195; USA. Exam- 
ples include Surfynol 465 (ethoxylated tetramethyl decynediol), Surfynol CT-136 (acetylenic diol and anionic surfactant 
blend), Surfynol GA (acetylenic diol blend) and Surfynol TG (acetylenic diol Wend in ethylene glycol). No particular lim- 
itation is imposed on the amount of penetrability-imparting surfactant to be used in the ink. Preferably it is present in a 
range of 0.01 to 5 wt.%. In addition to the above penetrability-imparting surfactants, the inks may contain additives such 
as pH buffers, biocides. viscosity modifiers, ultraviolet ray absorbers, and antioxidants. The amounts of all components 
of the ink are selected such that the viscosity of the ink is less than 10 cps at 20°C. 

INK PREPARATION 

[0069] The ink composition of the present invention can be prepared in one step by dispersing and mixing the above 
described components using an acceptable method. Alternatively, the ink composition can be prepared in two steps by 
1) dispersing and mixing some of the above described components and then 2) adding the remaining components to 
the dispersion and mixing. The dispersing step may be accomplished using a ball mill, a sand mill, an atrittor, a roll mill, 
an agitator mill, a Henschel mixer, a colloid mill, an ultrasonic homogenizer, a jet mill, an angmill, or any other type of 
milling device known to those skilled in the art such that a homogeneous dispersion is obtained. 
[0070] It may be desirable to prepare first the pigmented ink in a concentrated form and then subsequently dilute the 
concentrated dispersion to a concentration appropriate for use in the ink jet printer. Also, it is generally desirable to filter 
the pigment dispersed aqueous ink composition, preferably using a metal mesh filter or a membrane filter. Filtration may 
be accomplished by applying pressure to the ink composition being filtered or by reducing the pressure on the receiving 
end of the filtration device. Centrifugal separation may also be used to remove large particles which may cause obstruc- 
tion of the nozzles on the printhead of the ink jet printer. 

EXAMPLES 

[0071] The present invention will be further clarified by the following specific examples. 
Preparation of Polvaalacturonic acid 

[0072] Polygalacturonic acid used in the below examples was prepared using the following general procedure. Pectin 
(for example: BA-KING, The Copenhagen Pectin Factory Ltd.) is slurried at 10% by weight in a solution of isopropanol 
and water (60:40). Sodium hydroxide in the amount of half of the weight of the pectin is added to the slurry. The com- 
bined slurry is then stirred for 3 days at 40°C. The solid is collected by filtration and washed extensively using a solution 
of isopropanol and water (60:40). Next, the solid is suspended in an excess of water. The pH of the suspension is 
adjusted to about 1 .5 by slow addition of 1 M aqueous oxalic acid. After stirring the acidified suspension for 24 hours, 
the solid polygalacturonic acid is collected by filtration. The solid is washed extensively first with a solution of ethanol 
and water (60:40), then washed with ethanol, and then dried under vacuum. The dried polygalacturonic acid is then 
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converted into its sodium salt by neutralization with dilute sodium hydroxide solution such that a 1 wt.% solution of the 
neutralized polygalacturonic acid is prepared. The pH of the resulting solution is adjusted to approximately 3.3 by drop- 
wise addition of dilute sulfuric acid. Next, the solution is heated for 4 hours at 1 00°C, the pH being kept at 3.3 by periodic 
addition of small amounts of dilute sulfuric acid. The cooled solution is filtered and then concentrated to one third of the 
5 original volume using a rotary evaporator. Four volumes of ethanol are added and the precipitated material removed by 
filtration. The collected solid is dissolved in water to yield a 10 wt.% solution and then the pH of the solution is adjusted 
to 1 .5 by slow addition of 1 M aqueous oxalic acid. After stirring the acidified suspension for 24 hours, the solid polyg- 
alacturonic acid is collected by filtration. The solid is washed extensively first with a solution of ethanol and water 
(60:40), then washed with ethanol, and then dried under vacuum. 

w 

Pre par a ti o n Qf Po iyg gluronig ac i d 

[0073] Polyguluronic acid used in the below examples was prepared using the following general procedure. Alginic 
acid (for example: I-3G, Kimitsu Chemical Industries) is slurried at 5% by weight in a solution of one molar aqueous 

15 oxalic acid. The slurry is stirred vigorously for ten minutes resulting in a viscous suspension. The suspension is then 
heated to reflux on a boiling water bath. While passing a stream of nitrogen through the mixture, the mixture is ref luxed 
for 20 hours. After cooling to room temperature, the mixture is centrifuged in 100 ml centrifuge tubes for one hour at 
3000 rpm. The supernatant is discarded and the precipitate is suspended in deionized water in the amount of 60% of 
the weight of the original aqueous oxalic acid solution. A solution of 40 wt.% sodium hydroxide solution is added drop- 

20 wise to the stirred mixture until the precipitate just dissolves. Solid oxalic acid dihydrate in the amount of one ninth of 
the total solution weight is added to the solution with stirring. The partially hydrolyzed alginic acid precipitates resulting 
in a viscous suspension. The suspension is heated to reflux on a boiling water bath. While passing a stream of nitrogen 
through the mixture, the mixture is refluxed for 20 hours. After cooling to room temperature, the mixture is centrifuged 
in 100 ml centrifuge tubes for one hour at 3000 rpm. The supernatant is discarded and the precipitate dried under vac- 

25 uum until a constant weight is obtained. The dried solid is suspended in 0.1 molar aqueous sodium chloride such that 
a 0.5 wt.% solution of the partially hydrolyzed alginic acid is obtained. A solution of 10 wt.% sodium hydroxide solution 
is added dropwise to the stirred mixture until the pH of the solution rises to about a value of 6. While stirring vigorously, 
the mixture is then acidified to a pH value of 2.85 by the dropwise addition of one molar hydrochloric acid. After stirring 
for 4 hours, the mixture is centrifuged in 100 ml centrifuge tubes for one hour at 3000 rpm. The supernatant is discarded 

30 and the precipitated solid polyguluronic acid is suspended in 50 wt.% aqueous ethanol of the same weight as the orig- 
inal aqueous oxalic acid solution. After stirring the suspension for 24 hours, the solid polyguluronic acid is collected by 
filtration. The solid is washed extensively with ethanol, and then dried under vacuum. 

Pigment dispersant A 

35 

1-r4-polvstvrenecarboxvamido-butvlamino1dihvdroDolvaalacturonic acid 

[0074] 5.0 g of polygalacturonic acid and 3.3 g of N,N-diisopropylethylamine are dissolved in 1 00 mL of 50 wt.% aque- 
ous methanol solution with stirring. 10.0 g of 4-polystyrylcarboxyamidobutylamine (Amino Terminated Polystyrene, 

ao M n =2600, Polymer Source, Inc.) and 5.0 g of tetramethylammonium borohydride are added. The reaction flask is 
flushed with argon gas for three minutes and then sealed with a serum cap. The reaction mixture is stirred for 96 hours 
at room temperature. While cooling the mixture with stirring using an ice bath, concentrated HCI (10 ml) is added and, 
after stirring for 1 hour at room temperature, the mixture is evaporated to dryness. Next, the residue is triturated with 
several portions of absolute methanol, with the washings being discarded. The remaining solid is dried under vacuum 

45 to constant weight. The dried solid is suspended in deionized water to yield a mixture which is 40% by weight of the 
polyuronic acid derivative. The mixture is stirred vigorously. N,N-dimethylethanolamine is then added dropwise over a 
period of 2-3 hours with vigorous stirring until the pH of the mixture reaches an unchanging value of 8.0. A small amount 
of undissolved material is removed by filtration. Additional deionized water is added to give a solution which is approx- 
imately 25% by weight solid material. 

50 

Pigment dispersant B 

1-[4-polY(2-vinylpyridine)carboxyamido-butylamino]dihydropolyqalacturonic acid 

55 [0075] The same method as used above for preparing Pigment Dispersant A is used except 4-poly(2-vinylpyrid- 
ine)carboxyamido-butylamine (Amino Terminated Poly(2-vinylpyridine), M n =1500, Polymer Source, Inc.) is substituted 
for 4-polystyrylcarboxyamido-butylamine. 
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Pigment Dispersant C 

1 ~[4-polvstvrenecarboxvamido-butvlamino1dihvdroDolvQuluronic acid 

5 [0076] The same method as used above for preparing Pigment Dispersant A is used except polyguluronic acid is sub- 
stituted for polygalacturonic acid. 

Pigment Dispersant D 
w 1-[4-poly(2-vinvlpvridine^carboxvamido -butvlamino1dihvdroDOlvauluronic acid 

[0077] The same method as used above for preparing Pigment Dispersant B is used except polyguluronic acid is sub- 
stituted for polygalacturonic acid. 

is Pigment Dispersant E 

[poly(N-4-ethvlbenzovnalkylenimine]-dihydrooolyaalacturonic acid 

[0078] 1 0.0 g of polygalacturonic acid and 11 .0 g of aqueous lithium hydroxide monohydrate (1 5 wt.%) are dissolved 

20 in 300 ml_ of deionized water with stirring. To this solution, is added 70 g of branched polyethylenimine (SP-003, man- 
ufactured by Nihon Shokubai; molecular weight: 300) with stirring. The pH of the combined solution is adjusted to 10.1 
by dropwise addition of 6 N hydrochloric acid solution with vigorous stirring. While flushing the flask with a brisk stream 
of argon gas. 1.0 g of lithium borohydride is added gradually with vigorous stirring. The reaction flask is sealed with a 
serum cap. which is vented to an oil bubbler, and the reaction mixture is stirred for 48 hours at room temperature. The 

25 temperature of the mixture is raised to 40°C using a water bath and the mixture stirred for 2 hours to hydrolyze any 
residual lithium borohydride to lithium metaborate and hydrogen. Next, water is removed, using a rotary evaporator, to 
yield an oily solid. The solid is triturated with multiple portions of a solution of 5% N,N-dimethylethanolamine (by weight) 
in absolute methanol to remove excess polyethylenimine. The washings are discarded and the remaining solid is dried 
under vacuum to constant weight. 

30 [0079] The dried solid and 0.5 g of aqueous lithium hydroxide monohydrate (1 5 wt.%) are added to 300 mL of deion- 
ized water with stirring. A slightly cloudy solution is obtained to which 18 g of lithium carbonate is added. Next, 20 g of 
4-ethylbenzoyl chloride is added dropwise to the vigorously stirred mixture. The mixture is stirred continuously for an 
additional 4 hours after addition of the organic acid chloride. While cooling the stirred mixture using an ice bath, con- 
centrated hydrochloric acid solution is added slowly; considerable foaming occurs as the excess lithium carbonate is 

35 neutralized. The addition of acid is continued until the pH of the mixture reaches a value of 1 .5. This acidified mixture is 
evaporated to dryness using a rotary evaporator. Next, the residue is triturated with multiple portions of toluene to 
remove excess 4-ethylbenzoic acid. The washings are discarded and the remaining solid is dried under vacuum to con- 
stant weight. 

[0080] The dried solid is suspended in deionized water to yield a mixture which is 40% by weight of the polyuronic 
40 acid derivative. N.N-dimethylethanolamine is added dropwise over a period of 2-3 hours with vigorous stirring until the 
pH of the mixture reaches an unchanging value of 8.0. A small amount of undissolved material is removed by filtration. 
Additional deionized water is added to give a solution which is approximately 25% by weight solid material. 

Pigment Dispersant F 

45 

[poly(N-octanovnalk ylenimine>dihvdropolvaalacturonic acid 

[0081] 1 0.0 g of polygalacturonic acid is reductively aminated with branched polyethylenimine (SP-003, manufactured 
by Nihon Shokubai; molecular weight: 300) by the same method as described above for preparing Pigment Dispersant 

so E. The isolated solid is dried under vacuum to constant weight. 

[0082] The dried solid and 0.5 g of aqueous lithium hydroxide monohydrate (15 wt.%) are added to 300 mL of deion- 
ized water with stirring. A slightly cloudy solution is obtained to which 18 g of lithium carbonate is added. Next, 19.5 g 
of octanoyl chloride is added dropwise to the vigorously stirred mixture. The mixture is stirred continuously for an addi- 
tional 4 hours after addition of the organic acid chloride. While cooling the stirred mixture using an ice bath, concen- 

55 trated hydrochloric acid solution is added slowly; considerable foaming occurs as the excess lithium carbonate is 
neutralized. The addition of acid is continued until the pH of the mixture reaches a value of 1 .5. This acidified mixture is 
evaporated to dryness using a rotary evaporator. Next, the residue is triturated with multiple portions of dichlorometh- 
ane to remove excess octanoic acid. The washings are discarded and the remaining solid is dried under vacuum to con- 
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stant weight. 

[0083] The dried solid is suspended in deionized water to yield a mixture which is 40% by weight of the polyuronic 
acid derivative. N.N-dimethylethanolamine is added dropwise over a period of 2-3 hours with vigorous stirring until the 
phi of the mixture reaches an unchanging value of 8.0. A small amount of undissolved material is removed by filtration. 
5 Additional deionized water is added to give a solution which is approximately 25% by weight solid material. 

Pigment Dispersant G 

fDOlyfN-isobutvrvl)aUvlamine)-dihvdropolvQalacturonic acid 

w 

[0084] 10.0 g of polygalacturonic acid and 1 1 .0 g of aqueous lithium hydroxide monohydrate (15 wt.%) are dissolved 
in 300 mL of deionized water with stirring. In a separate flask, 16 g of lithium hydroxide monohydrate is added gradually 
with stirring to 100 g of polyallylamine hydrochloride solution (Danfix-723, manufactured by Nitto BoseW; free amine 
molecular weight: 960; 35 wt.% solids). The flask is cooled in an ice bath during the addition and dissolution of the lith- 

15 ium hydroxide monohydrate. Next, the aqueous solution of polyallylamine and lithium chloride is added to the solution 
of neutralized polygalacturonic acid. The pH of the combined solution is adjusted to 10.2 by dropwise addition of 6 N 
hydrochloric acid solution with vigorous stirring. While flushing the flask with a brisk stream of argon gas, 1 .0 g of lithium 
borohydride is added gradually with vigorous stirring. The reaction flask is sealed with a serum cap, which is vented to 
an oil bubbler, and the reaction mixture is stirred for 48 hours at room temperature. The temperature of the mixture is 

20 raised to 40°C using a water bath and the mixture stirred for 2 hours to hydrolyze any residual lithium borohydride to 
lithium metaborate and hydrogen. Next, water is removed, using a rotary evaporator, to yield an oily solid. The solid is 
triturated with multiple portions of a solution of 5% triethylamine (by weight) in absolute methanol to remove excess 
polyallylamine. The washings are discarded and the remaining solid is dried under vacuum to constant weight. 
[0085] The dried solid and 1 .0 g of aqueous lithium hydroxide monohydrate (15 wt.%) are added to 300 mL of deion- 

25 ized water with stirring. A slightly cloudy solution is obtained to which 26 g of lithium carbonate is added. Next, 29 g of 
isobutyryl chloride is added dropwise to the vigorously stirred mixture. The mixture is stirred continuously for an addi- 
tional 4 hours after addition of the organic acid chloride. While cooling the stirred mixture using an ice bath, concen- 
trated hydrochloric acid solution is added slowly; considerable foaming occurs as the excess lithium carbonate is 
neutralized. The addition of acid is continued until the pH of the mixture reaches a value of 1 .5. This acidified mixture is 

30 evaporated to dryness using a rotary evaporator. Next, the residue is triturated with multiple portions of dichlorometh- 
ane to remove excess isobutyric acid. The washings are discarded and the remaining solid is dried under vacuum to 
constant weight. 

[0086] The dried solid is suspended in deionized water to yield a mixture which is 40% by weight of the polyuronic 
acid derivative. N.N-dimethylethanolamine is added dropwise over a period of 2-3 hours with vigorous stirring until the 
35 pH of the mixture reaches an unchanging value of 8.0. A small amount of undissolved material is removed by filtration. 
Additional deionized water is added to give a solution which is approximately 25% by weight solid material. 

Pigment Dispersant H 

40 fhexa(N-4-tert-butvlbenzovl)pentaethvlenehexamine1-dihvdropolyQuluronic acid 

[0087] 10.0 g of polyguluronic acid and 1 1 .0 g of aqueous lithium hydroxide monohydrate (15 wt.%) are dissolved in 
300 mL of deionized water with stirring. To this solution, is added 60 g of pentaethylenehexamine (Aldrich Japan; Cat- 
alog number: 29,275-3) with stirring. The pH of the combined solution is adjusted to 10.1 by dropwise addition of 6 N 

45 hydrochloric acid solution with vigorous stirring. While flushing the flask with a brisk stream of argon gas, 1 .0 g of lithium 
borohydride is added gradually with vigorous stirring. The reaction flask is sealed with a serum cap, which is vented to 
an oil bubbler, and the reaction mixture is stirred for 48 hours at room temperature. The temperature of the mixture is 
raised to 40°C using a water bath and the mixture stirred for 2 hours to hydrolyze any residual lithium borohydride to 
lithium metaborate and hydrogen. Next, water is removed, using a rotary evaporator, to yield an oily solid. The solid is 

so triturated with multiple portions of a solution of 5% N.N-dimethylethanolamine (by weight) in absolute methanol to 
remove excess pentaethylenehexamine. The washings are discarded and the remaining solid is dried under vacuum to 
constant weight. 

[0088] The dried solid and 0.5 g of aqueous lithium hydroxide monohydrate (15 wt.%) are added to 300 mL of deion- 
ized water with stirring. A slightly cloudy solution is obtained to which 17 g of lithium carbonate is added. Next, 17.7 g 
55 of 4-tert-butylbenzoyl chloride is added dropwise to the vigorously stirred mixture. The mixture is stirred continuously 
for an additional 4 hours after addition of the organic acid chloride. While cooling the stirred mixture using an ice bath, 
concentrated hydrochloric acid solution is added slowly; considerable foaming occurs as the excess lithium carbonate 
is neutralized. The addition of acid is continued until the pH of the mixture reaches a value of 1 .5. This acidified mixture 
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is evaporated to dryness using a rotary evaporator. Next, the residue is triturated with multiple portions of toluene to 
remove excess 4-tert-butylbenzoic acid. The washings are discarded and the remaining solid is dried under vacuum to 
constant weight. 

[0089] The dried solid is suspended in deionized water to yield a mixture which is 40% by weight of the polyuronic 
5 acid derivative. N,N-dimethylethanolamine is added dropwise over a period of 2-3 hours with vigorous stirring until the 
pH of the mixture reaches an unchanging value of 8.0. A small amount of undissolved material is removed by filtration. 
Additional deionized water is added to give a solution which is approximately 25% by weight solid material. 

Pigment Dispersant I 

10 

[hexafN-hvdrocinnamoyl)pentaethylenehexaminel-dihvdroDOlvauluronic acid 

[0090] 10.0 g of polyguluronic acid is reductively aminated with pentaethylenehexamine (Aldrich Japan; Catalog 
number: 29,275-3) by the same method as described above for preparing Pigment Dispersant H. The isolated solid is 

15 dried under vacuum to constant weight. 

[0091] The dried solid and 0.5 g of aqueous lithium hydroxide monohydrate (15 wt.%) are added to 300 mL of deion- 
ized water with stirring. A slightly cloudy solution is obtained to which 17 g of lithium carbonate is added. Next, 15.0 g 
of hydrocinnamoyl chloride is added dropwise to the vigorously stirred mixture. The mixture is stirred continuously for 
an additional 4 hours after addition of the organic acid chloride. While cooling the stirred mixture using an ice bath, con- 

20 centrated hydrochloric acid solution is added slowly; considerable foaming occurs as the excess lithium carbonate is 
neutralized. The addition of acid is continued until the pH of the mixture reaches a value of 1 .5. This acidified mixture is 
evaporated to dryness using a rotary evaporator. Next, the residue is triturated with multiple portions of toluene to 
remove excess hydrocinnamic acid. The washings are discarded and the remaining solid is dried under vacuum to con- 
stant weight. 

25 [0092] The dried solid is suspended in deionized water to yield a mixture which is 40% by weight of the polyuronic 
acid derivative. N,N-dimethylethanolamine is added dropwise over a period of 2-3 hours with vigorous stirring until the 
pH of the mixture reaches an unchanging value of 8.0. A small amount of undissolved material is removed by filtration. 
Additional deionized water is added to give a solution which is approximately 25% by weight solid material. 

so Polyguluronic acid reductive lv aminated with polvethvlenimine (MW=800) 

TPGA-PEIg onl 

[0093] 100.0 g of polyguluronic acid and 35.0 g of polyethylenimine (Product Name: Lupasol FG; BASF; MW=800) 

35 were dissolved in 300 mL of deionized water contained in a one-liter beaker with stirring. An additional 165.0 g of the 
same polyethylenimine was added to the solution with stirring. Next, the pH of the combined solution was adjusted to 
8.95 by dropwise addition of 12 N hydrochloric add solution with vigorous stirring. After deionized water was added to 
bring the total volume of the solution up 900 mL, the solution was set aside to stand at room temperature for 10 days. 
After standing for 10 days, the solution was transferred to a two-liter beaker. While stirring the solution vigorously. 5.0 g 

40 of sodium borohydride was added to the solution in five 1.0 g portions over a period of 6 hours. The solution was set 
aside to stand overnight. The solution was again stirred vigorously, and 1.0 g of lithium borohydride was added in five 
0.2 g portions over a period of 6 hours. The solution was again set aside to stand overnight. After transferring the solu- 
tion to a 3 liter beaker, 330 g of sodium acetate trihydrate was added to the solution with stirring. After the sodium ace- 
tate trihydrate had dissolved, 1.5 liters of methanol were added with stirring. The addition of methanol resulted in 

45 precipitation of an off-white solid. The mixture was set aside to stand overnight. Next, the solid was isolated from the 
mixture by centrifuging in several batches (100 mL centrifuge tubes) at 3000 rpm for about 20 minutes. The solid was 
transferred to a 2 liter beaker and deionized water was added to bring the total volume of the mixture up 1300 mL. The 
mixture was stirred with warming to 50°C for a period of 6 hours and then set aside to stand overnight. Next, the pH of 
the mixture was adjusted to 0.90 by dropwise addition of 12 N hydrochloric acid solution with vigorous stirring. This 

so acidification resulted in precipitation of the product. The solid was collected by filtration and washed with several por- 
tions of aqueous methanol containing 70% methanol. The off-white solid was air dried and then dried under vacuum. 
The weight of dried solid was 52 g. 

Polyguluronic acid reductivelv aminated with N.N.N , .N , -tetrakis(2-aminoethvl)ethvlenediamine 

55 

fPGA-pentenl 

[0094] The branched polyethylenimine, N,N,N',N , -tetrakis(2-aminoethyl)ethylenediamine (penten), in the amount of 
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about 90 g, was prepared by the method of Wagnon and Jackels (Inorganic Chemistry, Vol.: 89, Page: 1924, Year: 
1989). 100 g of polyguluronic acid and 40.0 g of penten were dissolved in 300 mL of deionized water contained in a 
one-liter beaker with stirring. An additional 48.0 g of penten was added to the solution with stirring. Next, the pH of the 
combined solution was adjusted to 9.00 by dropwise addition of 12 N hydrochloric acid solution with vigorous stirring. 
5 After deionized water was added to bring the total volume of the solution up 900 mL, the solution was set aside to stand 
at room temperature for 8 days. After standing for 8 days, the solution was transferred to a two-liter beaker. The rest of 
the procedure was identical to that used to prepare and irate PGA-PEI 800 . The weight of dried solid obtained using this 
procedure was 54 g. 

10 Polyguluronic acid reductivelv aminated with polyet hvlenimine (MW=1300) 



[0095] 100.0 g of polyguluronic acid and 55.0 g of polyethvlenimine (Product Name: Lupasol G-20 water free; BASF; 

15 M W=1 300) were dissolved in 300 mL of deionized water contained in a two-liter beaker with stirring. An additional 270.0 
g of the same polyethvlenimine was added to the solution with stirring. Next, the pH of the combined solution was 
adjusted to 8.95 by dropwise addition of 12 N hydrochloric acid solution with vigorous stirring. After the addition of 
hydrochloric acid solution, the solution was set aside to stand at room temperature for 10 days. As the solution was 
already contained in a two-liter beaker, no transfer was necessary prior to the addition of borohydride salts. The rest of 

20 the procedure was identical to that used to prepare and isolate PGA-PEI 800 . The weight of dried solid obtained using 
this procedure was 57 g. 

Polyguluronic acid reductivelv aminated with Starburst™ (PAMAM) Dend rimer. Generation 1 
25 fPGA-StarburstGll 

[0096] The poly(amidoamine) dendrimer, Starburst™ (PAMAM) Dendrimer, Generation 1. was purchased as a 20 
wt.% solution in methanol from the Aldrich Chemical Company, Inc. The molecular formula of this dendrimer is as fol- 
lows: 

30 [-CH 2 N{CH2CH2CONHCH2CH2N(CH2CH2CONHCH 2 CH 2 NH2)2}2]2- The methanol was removed, using a rotary evap- 
orator, to yield the free amine as an oil in the amount of about 150 g. 100 g of polyguluronic acid and 55.0 g of Star- 
burst™ (PAMAM) Dendrimer, Generation 1 , were dissolved in 300 mL of deionized water contained in a two-liter beaker 
with stirring. An additional 92.0 g of Starburst™ (PAMAM) Dendrimer, Generation 1 , was added to the solution with stir- 
ring. Next, the pH of the combined solution was adjusted to 9.05 by dropwise addition of 12 N hydrochloric acid solution 

35 with vigorous stirring. After deionized water was added to bring the total volume of the solution up 1 000 mL, the solution 
was set aside to stand at room temperature for 9 days. As the solution was already contained in a two-liter beaker, no 
transfer was necessary prior to the addition of borohydride salts. The rest of the procedure was identical to that used to 
prepare and isolate PGA-PEI 800 . The weight of dried solid obtained using this procedure was 53 g. 

40 Pigment Dispersant J 

PGA-PElg po reductivelv aminated with oropionaldehyde 



[0097] 40.0 g of PGA-PEI 800 and 18.2 g of N.N-dimethylethanolamine were added to 450 mL of deionized water con- 
tained in a one-liter flask with stirring. The pH of the mixture was adjusted to 6.0 by dropwise addition of 3 N hydrochlo- 
ric acid solution. Next, 30.0 g of propionaldehyde was added to the mixture. While stirring the mixture vigorously, 27.0 
g of sodium cyanoborohydride was added in nine 3.0 g portions over a period of 18 hours. After each 3.0 g addition of 

so sodium cyanoborohydride, the pH of the mixture was adjusted to 5.5 by the dropwise addition of 3 N hydrochloric acid 
solution. Soon after the initial addition of sodium cyanoborohydride, the mixture emulsified. After all of the sodium 
cyanoborohydride had been added, the mixture was set aside to stand for 12 hours Next, while cooling the mixture 
using an ice bath, 12 N hydrochloric acid solution was added dropwise to the stirred mixture, contained within a well 
ventilated fume hood. This dropwise addition was continued until the pH of the mixture reached a value of 1 .0. The addi- 

55 tion of hydrochloric acid resulted in precipitation of an off-white solid. After setting the acidified mixed aside to stand for 
12 hours, the solid was collected by filtration. The wet solid was washed with several portions of 95% ethanol. The wet 
solid was transferred to a one-liter flask along with 450 mL of deionized water. N.N-dimethylethanolamine was added 
dropwise to the stirred mixture until the pH of the resulting solution reached a value of 9.0. Next, while cooling the solu- 




fPGA-PEIgoo-fpropyiy 
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tion using an ice bath, 1 2 N hydrochloric acid solution was added dropwise to the stirred solution until the pH of the solu- 
tion reached a value of 1 .0. As before, this acidification resulted in the precipitation of an off-white solid. The solid was 
collected by filtration and was washed with several portions of 95% ethanol. The solid was air-dried and then dried to a 
constant weight under vacuum. A 250 ml_ flask was loaded with 30.0 g of the dried solid and 90.0 g of deionized water. 
While stirring the mixture vigorously, N,N-dimethylethanolamine was added in small portions. After most of the solid had 
dissolved, N,N-dimethylethanolamine was added dropwise while concurrently monitoring the pH of the solution. The 
addition of N,N-dimethylethanolamine was stopped when the solution pH reached a constant value of 6.0. Additional 
water was added such that a total solution weight of 136 g was obtained. For the final step, the resulting solution was 
filtered through a 3 micrometer teflon membrane filter. 

Pigment Dispersant K 

PGA-PEIp ^n reductivelv aminated wit h acetone 
[PGA-PEI Q00 -(isopropvn j 

[0098] 40.0 g of PGA-PEI 80 o and 18.2 g of N,N-dimethylethanolamine were added to 450 mL of deionized water con- 
tained in a one-liter flask with stirring. The pH of the mixture was adjusted to 6.0 by dropwise addition of 3 N hydrochlo- 
ric acid solution. Next, 30.0 g of acetone was added to the mixture. While stirring the mixture vigorously, 27.0 g of 
sodium cyanoborohydride was added in nine 3.0 g portions over a period of 18 hours. After each 3.0 g addition of 
sodium cyanoborohydride, the pH of the mixture was adjusted to 5.5 by the dropwise addition of 3 N hydrochloric acid 
solution. Soon after the initial addition of sodium cyanoborohydride, the mixture emulsified. After all of the sodium 
cyanoborohydride had been added, the mixture was set aside to stand for 12 hours. The rest of the procedure was iden- 
tical to that used to isolate PGA-PEl8o 0 -(propyl) x and prepare an aqueous solution (136 g) of its N, N<Jim ethyl eth- 
anolammonium salt. For the final step, the solution of the N.N-dimethylethanolammonium salt of PGA-PEIeoo- 
(isopropyl) x was filtered through a 3 micrometer teflon membrane filter. 

Pigment Dispersant L 

PGA-oenten reductively aminated with 2-octanone and then octanal 
[PGA-oenten-M -methyl heotvlU 1 -octyiy 

[0099] 40.0 g of PGA-penten and 18.2 g of N.N-dimethylethanolamine were added to 450 mL of deionized water con- 
tained in a one-liter flask with stirring. The pH of the mixture was adjusted to 6.0 by dropwise addition of 3 N hydrochlo- 
ric acid solution. Next, 17.0 g of 2-octanone (purity: 98%) was added to the mixture. With the 2-octanone being 
sparingly soluble in water, a two-phase mixture was obtained. While stirring the mixture vigorously, 7.2 g of sodium 
cyanoborohydride was added in four 1.8 g portions over a period of 8 hours. After each 1.8 g addition of sodium 
cyanoborohydride, the pH of the mixture was adjusted to 5.5 by the dropwise addition of 3 N hydrochloric acid solution. 
Soon after the initial addition of sodium cyanoborohydride, the two-phase mixture emulsified. After all 7.2 g of the 
sodium cyanoborohydride had been added, the mixture was set aside to stand for 12 hours. Next, 20.0 g of octanal 
(purity: 99%) was added to the emulsified mixture. While stirring the mixture vigorously, 5.4 g of sodium cyanoborohy- 
dride was added in three 1 .8 g portions over a period of 6 hours. After each 1 .8 g addition of sodium cyanoborohydride, 
the pH of the mixture was adjusted to 5.5 by the dropwise addition of 3 N hydrochloric acid solution. After ail 5.4 g of 
the sodium cyanoborohydride had been added, the mixture was set aside to stand for 12 hours. The rest of the proce- 
dure was identical to that used to isolate PGA-PEI 800 -(propyl) x and prepare an aqueous solution (136 g) of its N,N- 
dimethylethanolammonium salt. For the final step, the solution of the N.N-dimethylethanolammonium salt of PGA- 
penten-(1 -methylheptyl) x (1 -octyl) y was filtered through a 3 micrometer teflon membrane filter. 

Pigment Dispersant M 

PGA-penten reductivelv aminated with cinnamaldehvde 
[PGA-penten-fcinnamvlU 

[0100] 40.0 g of PGA-penten and 18.2 g of N,N-dimethylethanolamine were added to 450 mL of deionized water con- 
tained in a one-liter flask with stirring. The pH of the mixture was adjusted to 6.0 by dropwise addition of 3 N hydrochlo- 
ric add solution. Next, 31 .0 g of transcinnamaldehyde (purity: 99%) was added to the mixture. With the cinnamaldehyde 
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being sparingly soluble in water, a two-phase mixture was obtained. While stirring the mixture vigorously, 12.5 g of 
sodium cyanoborohydride was added in five 2.5 g portions over a period of 10 hours. After each 2.5 g addition of sodium 
cyanoborohydride, the pH of the mixture was adjusted to 5.5 by thedropwise addition of 3 N hydrochloric acid solution. 
Soon after the initial addition of sodium cyanoborohydride. the two-phase mixture emulsified. After ail of the sodium 
5 cyanoborohydride had been added, the mixture was set aside to stand for 12 hours. The rest of the procedure was iden- 
tical to that used to isolate PGA-PEI eoo -(propyl) x and prepare an aqueous solution (136 g) of its N,N-dimethyleth- 
anolammonium salt. For the final step, the solution of the N,N-dimethylethanolammonium salt of PGA-penten- 
(cinnamyl) x was filtered through a 3 micrometer teflon membrane filter. 

io Pigment Dispersant N 

PGA-PEI 130 q reductively aminated with formaldehyde 

[PGA-Pglisoo-tmethylu 

15 

[0101 ] 40.0 g of PGA-PEI 1300 and 18.2 g of N,N-dimethylethanolamine were added to 450 mL of deionized water con- 
tained in a one-liter flask with stirring. The pH of the mixture was adjusted to 6.0 by dropwise addition of 3 N hydrochlo- 
ric acid solution. Next, 56.0 g of formalin (formaldehyde content: 37%) was added to the mixture. While stirring the 
mixture vigorously, 36.0 g of sodium cyanoborohydride was added in nine 4.0 g portions over a period of 18 hours. After 
20 each 4.0 g addition of sodium cyanoborohydride, the pH of the mixture was adjusted to 5.5 by the dropwise addition of 
3 N hydrochloric acid solution. After all of the sodium cyanoborohydride had been added, the solution was set aside to 
stand for 12 hours. The rest of the procedure was identical to that used to isolate PGA-PEI 800 -(propyl) x and prepare an 
aqueous solution (136 g) of its N,N-dimethylethanolammonium salt. For the final step, the solution of the N.N-dimethyl- 
ethanolammonium salt of PGA-PEI 1300 -(methyl) n was filtered through a 3 micrometer teflon membrane filter. 

25 

Pigment Dispersant O 

PQA-StgrburstQi reductively amina ted wit h a cet aidehy d e 
30 fPGA-StarburstGl-(ethYl) nl 

[0102] 40.0 g of PGA-StarburstG1 and 18.2 g of N.N-dimethylethanolamine were added to 450 mL of deionized water 
contained in a one-liter flask with stirring. The pH of the mixture was adjusted to 6.0 by dropwise addition of 3 N hydro- 
chloric acid solution. Next, 15.0 g of acetaldehyde pre-cooled to 5°C was added to the mixture. While stirring the mix- 

35 ture vigorously, 1 8.0 g of sodium cyanoborohydride was added in six 3.0 g portions over a period of 1 2 hours. After each 
3.0 g addition of sodium cyanoborohydride, the pH of the mixture was adjusted to 5.5 by the dropwise addition of 3 N 
hydrochloric acid solution. After all of the sodium cyanoborohydride had been added, the mixture was set aside to stand 
for 1 2 hours. The rest of the procedure was identical to that used to isolate PGA-PEl8oo-(propyl) x and prepare an aque- 
ous solution (136 g) of its N,N-dimethylethanolammonium salt. For the final step, the solution of the N.N-dimethyleth- 

40 anolammonium salt of PGA-StarburstGl -(ethyl) n was filtered through a 3 micrometer teflon membrane filter. 

EXAMPLE I 

[0103] The components listed below are mixed, and the mixture is dispersed in a sand mill (manufactured by Yasu- 
45 kawa Seisaku-sho K.K.) containing glass beads (diameter: 1 .7 mm) which have a combined weight one and a half times 
that of the mixture. Milling is carried out for a period of two hours. 



£0 


Raven 1 170 Carbon Black (Columbian Chemicals; C.I. Pigment Black 7) 


5 wt.% 




Pigment Dispersant A ( 25 wt.% solids) 


10 wt.% 




glycerol 


15 wt.% 


55 


diethylene glycol 


5 wt.% 




triethylene glycol mono-n-butylether 


2 wt.% 




deionized water 


63 wt.% 
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[0104] The glass beads are removed by filtration through a coarse stainless steel mesh. Next, undispersed particles 
are removed from the mixture by filtration through a 3 micron membrane filter, a process whereby an ink suitable for ink 
jet printing is obtained. 

5 EXAMPLE 2 

[0105] The components listed below are mixed, and the mixture is dispersed in a sand mill as described in Example 
1 . Similarly, the post-milling treatment is the same as that described in Example 1 . An ink suitable for ink jet printing is 
obtained. 

10 





Raven 1 170 Carbon Black (Columbian Chemicals; C.I. Pigment Black 7) 


5 wt.% 


15 


Pigment Dispersant C (25 wt % solids) 


10 wt.% 


glycerol 


12 wt.% 




diethylene glycol 


10 wt.% 




1 -propanol 


3 wt.% 


20 


deionized water 


60 wt.% 



EXAMPLE 3 

25 [01 06] The components listed below are mixed, and the mixture is dispersed in a sand mill as described in Example 
1 . Similarly, the post-milling treatment is the same as that described in Example 1 . An ink suitable for ink jet printing is 
obtained. 



30 





Special Black 4A (Degussa; C.I. Pigment Black 7) 


5 wt.% 




Pigment Dispersant B (25 wt.% solids) 


10 wt.% 




glycerol 


15 wt.% 


35 


1 ,5-pentanediol 


4 wt.% 




diethylene glycol 


4 wt.% 




tert-amyl alcohol 


1 wt.% 


40 


deionized water 


61 wt.% 



EXAMPLE 4 

45 [0107] The components listed below are mixed, and the mixture is dispersed in a sand mill as described in Example 
1 . Similarly, the post-milling treatment is the same as that described in Example 1 . An ink suitable for ink jet printing is 
obtained. 

50 k 



Special Black 4A (Degussa; C.I. Pigment Black 7) 


5 wt.% 


Pigment Dispersant D (25 wt.% solids) 


10 wt.% 


diethylene glycol 


20 wt.% 


2-pyrrolidone 


4 wt.% 


deionized water 


61 wt.% 
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EXAMPLE 5 

[0108] The components listed below are mixed, and the mixture is dispersed in a sand mill as described in Example 
1 . Similarly, the post-milling treatment is the same as that described in Example 1 . An ink suitable for ink jet printing is 
5 obtained. 



Symuler Fast Yellow 4191 N (Dainippon Ink; C.I. Pigment Yellow 74) 


2 wt.% 


Pigment Dispersant C (25 wt.% solids) 


4 wt.% 


glycerol 


15 wt.% 


diethylene glycol 


10 wt.% 


ethanol 


3 wt.% 


deionized water 


66 wt.% 



EXAMPLE 6 

20 

[0109] The components listed below are mixed, and the mixture is dispersed in a sand mill as described in Example 
1 . Similarly, the post-milling treatment is the same as that described in Example 1 . An ink suitable for ink jet printing is 
obtained. 

25 



Fastogen Green S (Dainippon Ink; C.I. Pigment Green 7) 


2.5 wt.% 


Pigment Dispersant D (25 wt.% solids) 


5 wt.% 


diethylene glycol 


20 wt.% 


2-propanol 


3.5 wt.% 


deionized water 


69 wt.% 



35 

EXAMPLE 7 

[0110] The components listed below are mixed, and the mixture is dispersed in a sand mill as described in Example 
1 . Similarly, the post-milling treatment is the same as that described in Example 1 . An ink suitable for ink jet printing is 
40 obtained. 



Symuler Brilliant Carmine (Dainippon Ink; C.I. Pigment Red 57:1) 


2 wt.% 


Pigment Dispersant A (25 wt.% solids) 


4 wt.% 


glycerol 


15 wt.% 


1 ,4-butanediol 


5 wt.% 


diethylene glycol mono-n-butylether 


1.5 wt.% 


deionized water 


72.5 wt.% 



EXAMPLE 8 

55 

[0111] The components listed below are mixed, and the mixture is dispersed in a sand mill as described in Example 
1 . Similarly, the post-milling treatment is the same as that described in Example 1 . An ink suitable for ink jet printing is 
obtained. 
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Fastogen Blue GNPR (Dainippon Ink; CI. Pigment Blue 15:3) 


3 wt.% 


5 


Pigment Dispersant B (25 wt.% solids) 


6 wt.% 




diethylene glycol 


18 wt.% 




1-propanol 


4 wt.% 


10 


deionized water 


69 wt.% 



EXAMPLE 9 

is [0112] The components listed below are mixed, and the mixture is dispersed in a sand mill (manufactured by Yasu- 
kawa Seisaku-sho K.K.) containing glass beads (diameter: 1 .7 mm) which have a combined weight one and a half times 
that of the mixture. Milling is carried out for a period of two hours. 



Raven 11 70 Carbon Black (Columbian Chemicals; C.I. Pigment Black 7) 


4 wt.% 


Pigment Dispersant E (25 wt.% solids) 


8 wt.% 


glycerol 


15 wt.% 


diethylene glycol 


5 wt.% 


deionized water 


68 wt.% 



30 After milling, the glass beads are removed by filtration through a coarse stainless steel mesh. Ninety-seven parts of the 
mixture are transferred to a beaker and diluted with three parts of 1-propanol. The combined mixture is stirred for 2 
hours. Next, undispersed particles are removed from the mixture by filtration through a 3 micron membrane filter, a 
process whereby an ink suitable for ink jet printing is obtained. 

35 EXAMPLE 10 

[0113] The components listed below are mixed, and the mixture is dispersed in a sand mill as described in Example 
9. Similarly, the post-milling treatment is the same as that described in Example 9. An ink suitable for ink jet printing is 
obtained. 



Raven 1 170 Carbon Black (Columbian Chemicals; C.I. Pigment Black 7) 


4 wt.% 


Pigment Dispersant F (25 wt.% solids) 


8 wt.% 


glycerol 


15 wt.% 


diethylene glycol 


5 wt.% 


deionized water 


68 wt.% 



50 

EXAMPLE 11 

[0114] The components listed below are mixed, and the mixture is dispersed in a sand mill as described in Example 
55 9. Similarly, the post-milling treatment is the same as that described in Example 9. An ink suitable for ink jet printing is 
obtained. 
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Raven 1170 Carbon Black (Columbian Chemicals; C.I. Pigment Black 7) 


4 wt.% 


Pigment Dispersant G (25 wt.% solids) 


8 wt.% 


glycerol 


15 wt.% 


diethylene glycol 


5 wt.% 


deionized water 


68 wt.% 



EXAMPLE 12 

15 [01 1 5] The components listed below are mixed, and the mixture is dispersed in a sand mill as described in Example 
9. Similarly, the post-milling treatment is the same as that described in Example 9. An ink suitable for ink jet printing is 
obtained. 



Raven 1 170 Carbon Black (Columbian Chemicals; C.I. Pigment Black 7) 


4 wt.% 


Pigment Dispersant H (25 wt.% solids) 


8 wt.% 


glycerol 


15 wt.% 


diethylene glycol 


5 wt.% 


deionized water 


68 wt.% 



30 EXAMPLE 13 

[0116] The components listed below are mixed, and the mixture is dispersed in a sand mill as described in Example 
9. Similarly, the post-milling treatment is the same as that described in Example 9. An ink suitable for ink jet printing is 
obtained. 





Raven 1 170 Carbon Black (Columbian Chemicals; C.I. Pigment Black 7) 


4 wt.% 


40 


Pigment Dispersant I (25 wt.% solids) 


8 wt.% 




glycerol 


15 wt.% 




diethylene glycol 


5 wt.% 


45 


deionized water 


68 wt.% 



EXAMPLE 14 

[01 1 7] The components listed below are mixed, and the mixture is dispersed in a sand mill as described in Example 9. 

50 





Symuler Brilliant Carmine (Dainippon Ink; C.I. Pigment Red 57:1) 


2 wt.% 


55 


Pigment Dispersant G (25 wt.% solids) 


4 wt.% 




glycerol 


15 wt.% 




1 ,4-butanediol 


5 wt.% 
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(continued) 



deionized water 



74 wt.% 



5 After milling, the glass beads are removed by filtration through a coarse stainless steel mesh. Ninety-seven parts of the 
mixture are transferred to a beaker and diluted with three parts of ethanol. The combined mixture is stirred for 2 hours. 
Next, undispersed particles are removed from the mixture by filtration through a 3 micron membrane filter, a process 
whereby an ink suitable for ink jet printing is obtained. 

10 EXAMPLE 15 

[0118] The components listed below are mixed, and the mixture is dispersed in a sand mill as described in Example 9. 



Fastogen Blue GNPR (Dainippon Ink; C.I. Pigment Blue 15:3) 


3 wt.% 


Pigment Dispersant F (25 wt.% solids) 


6 wt.% 


glycerol 


15 wt.% 


diethylene glycol 


5 wt.% 


deionized water 


71 wt.% 



After milling, the glass beads are removed by filtration through a coarse stainless steel mesh. Ninety-seven parts of the 
mixture are transferred to a beaker and diluted with three parts of 2-propanol. The combined mixture is stirred for 2 
hours. Next, undispersed particles are removed from the mixture by filtration through a 3 micron membrane filter, a 
process whereby an ink suitable for ink jet printing is obtained. 

EXAMPLE 16 

[01 1 9] The components listed below are mixed, and the mixture is dispersed in a sand mill as described in Example 9. 



Fastogen Blue GNPR (Dainippon Ink; C.I. Pigment Blue 15:3) 


3 wt.% 


Pigment Dispersant E (25 wt.% solids) 


6 wt.% 


glycerol 


12 wt.% 


diethylene glycol 


8 wt.% 


deionized water 


71 wt.% 



After milling, the glass beads are removed by filtration through a coarse stainless steel mesh. Ninety-seven parts of the 
mixture are transferred to a beaker and diluted with three parts of 1-propanol. The combined mixture is stirred for 2 
hours. Next, undispersed particles are removed from the mixture by filtration through a 3 micron membrane filter, a 
so process whereby an ink suitable for ink jet printing is obtained. 

EXAMPLE 17 

[0120] The components listed below are mixed, and the mixture is dispersed in a sand mill as described in Example 
55 9. The post-milling treatment is the same as that described in Example 1 6. An ink suitable for ink jet printing is obtained. 
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Symuler Fast Yellow 4191 N (Dainippon Ink; C.I. Pigment Yellow 74) 


2 wt.% 


5 


Pigment Dispersant H (25 wt.% solids) 


4 wt.% 




glycerol 


13 wt.% 




diethylene glycol 


8 wt.% 


10 


deionized water 


73 wt.% 



EXAMPLE 18 

is [0121] The components listed below are mixed, and the mixture is dispersed in a sand mill as described in Example 
9. The post-milling treatment is the same as that described in Example 14. An ink suitable for ink jet printing is obtained. 



Symuler Fast Yellow 41 91 N (Dainippon Ink; C.I. Pigment Yellow 74) 


2 wt.% 


Pigment Dispersant I (25 wt.% solids) 


4 wt.% 


glycerol 


13 wt.% 


diethylene glycol 


8 wt.% 


deionized water 


73 wt.% 



30 EXAMPLE 19 

[0122] The components listed below were mixed, and the mixture was dispersed in an Eiger Motormill M250 VSE- 
EXJ (Eiger Japan, Tokyo, JAPAN). Glass beads (diameter: 1.0 mm), which had a total combined volume of 175 mL, 
were used as the milling media. Milling was carried out at 4000 rpm for a period of four hours. 



40 



FW 18 (carbon black pigment; Degussa Corp.; C.I. Pigment Black 7) 
Pigment Dispersant J (22 wt.% solids) 
deionized water 



38 g 
130 g 
82 g 



After milling, 100 g of the dispersion was transferred to a beaker. The following components were added sequentially 
45 with stirring. 



glycerol 


30.0 g 


2-pyrrolidone 


15.0 g 


diethylene glycol mono-n-butyl ether 


20.0 g 


Surfynol 465 


2.5 g 


deionized water 


82.5 g 



The combined mixture was stirred for 2 hours. Next, the mixture was filtered through a 3 micron membrane filter, such 
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that an ink suitable for Inkjet printing was obtained. 
EXAMPLE 20 

5 [0123] The components listed below were mixed, and the mixture was dispersed in an Eiger Motormill M250 VSE- 
EXJ as described in Example 19. 



10 



FW 18 (carbon black pigment; Degussa Corp.; C.I. Pigment Black 7) 
Pigment Dispersant K (22 wt.% solids) 
deionized water 



38 g 
130 g 
82 g 



15 



After milling, 100 g of the dispersion was transferred to a beaker. The following components were added sequentially 
with stirring. 



glycerol 


30.0 g 


2-pyrrolidone 


15.0 g 


diethylene glycol mono-n-butyl ether 


20.0 g 


Surfynol 465 


2.5 g 


deionized water 


82.5 g 



30 [0124] The combined mixture was stirred for 2 hours. Next, the mixture was filtered through a 3 micron membrane 
filter, such that an ink suitable for ink jet printing was obtained. 

EXAMPLE 21 

35 [0125] The components listed below are mixed, and the mixture was dispersed in an Eiger Motormill M250 VSE-EXJ 
as described in Example 19. 



40 



45 



FW 18 (carbon black pigment; Degussa Corp.; C.I. Pigment Black 7) 
Pigment Dispersant L (22 wt.% solids) 
deionized water 



38 g 
130 g 
82 g 



After milling, 100 g of the dispersion was transferred to a beaker. The following components were added sequentially 
with stirring. 



glycerol 


30.0 g 


2-pyrrolidone 


15.0 g 


diethylene glycol mono-n-butyl ether 


20.0 g 


Surfynol 465 


2.5 g 


deionized water 


82.5 g 
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[0126] The combined mixture was stirred for 2 hours. Next, the mixture was filtered through a 3 micron membrane 
filter, such that an ink suitable lor ink jet printing was obtained. 

EXAMPLE 22 

[0127] The components listed below were mixed, and the mixture was dispersed in an Eiger Motormill M250 VSE- 
EXJ as described in Example 19. 



10 



15 



FW 18 (carbon black pigment; Degussa Corp.; C.I. Pigment Black 7) 
Pigment Dispersant M (22 wt% solids) 
deionized water 



38 g 
130 g 
82 g 



After milling, 100 g of the dispersion was transferred to a beaker. The following components were added sequentially 
with stirring. 



20 



25 



30 



35 



glycerol 


30.0 g 


2-pyrrolidone 


15.0 g 


diethylene glycol mono-n-butyl ether 


20.0 g 


Surfynol 465 


2.5 g 


deionized water 


82.5 g 



[0128] The combined mixture was stirred for 2 hours. Next, the mixture was filtered through a 3 micron membrane 
filter, such that an ink suitable for ink jet printing was obtained. 

EXAMPLE 23 

[0129] The components listed below were mixed, and the mixture was dispersed in an Eiger Motormill M250 VSE- 
EXJ as described in Example 19. 



40 



45 



FW 18 (carbon black pigment; Degussa Corp.; C.I. Pigment Black 7) 
Pigment Dispersant N (22 wt.% solids) 
deionized water 



38 g 
130 g 
82 g 



Alter milling, 100 g of the dispersion was transferred to a beaker. The following components were added sequentially 
with stirring. 



50 





glycerol 


30.0 g 




2-pyrrolidone 


15.0 g 


55 


diethylene glycol mono-n-butyl ether 


20.0 g 




Surfynol 465 


2.5 g 
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(continued) 



deionized water 



82.5 g 



5 [0130] The combined mixture was stirred for 2 hours. Next, the mixture was filtered through a 3 micron membrane 
filter, such that an ink suitable for ink jet printing was obtained. 

EXAMPLE 24 

10 [0131] The components listed below were mixed, and the mixture was dispersed in an Eiger Motormill M250 VSE- 
EXJ as described in Example 19. 



75 



FW 18 (carbon black pigment; Degussa Corp.; C.I. Pigment Black 7) 
Pigment Dispersant O (22 wt.% solids) 
deionized water 



38 g 
130 g 
82 g 



20 



After milling, 100 g of the dispersion was transferred to a beaker. The following components were added sequentially 
with stirring. 



glycerol 


30.0 g 


2-pyrrolidone 


15.0 g 


diethylene glycol mono-n-butyl ether 


20.0 g 


Surfynol 465 


2.5 g 


deionized water 


82.5 g 



35 [0132] The combined mixture was stirred for 2 hours. Next, the mixture was filtered through a 3 micron membrane 
filter, such that an ink suitable for Inkjet printing was obtained. 

COMPARATIVE EXAMPLE 1 

40 [0133] The components listed below are mixed, and the mixture is dispersed in a sand mill as described in Example 
1 . Similarly, the post-milling treatment is the same as that described in Example 1 . An ink suitable for ink jet printing is 
obtained. 



Raven 1 170 Carbon Black (Columbian Chemicals; C.I. Pigment Black 7) 


5 wt.% 


Joncryl 62 (SC Johnson Polymer; acrylic resin solution; 34 wt.% solids) 


12 wt.% 


glycerol 


15 wt.% 


diethylene glycol 


5 wt.% 


1 -propanol 


3 wt.% 


deionized water 


60 wt.% 



55 

COMPARATIVE EXAMPLE 2 

[0134] The components listed below are mixed, and the mixture is dispersed in a sand mill as described in Example 
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1. The polymer dispersant used in this example is a methyl methacrylate/Anethyl methacrylate/methacrylic acid block 
copolymer (M MA//MM A/MA) prepared according to the method described in U.S. 5,085,698. The block copolymer is 
neutralized with N t N-dimethylethanolamine and diluted such that a solution containing 25 wt.% solids is obtained. 





Raven 1 170 Carbon Black (Columbian Chemicals; C.I. Pigment Black 7) 


20 wt.% 




MMA//M MA/MA block copolymer (25 wt.% solids) 


40 wt.% 


10 


diethylene glycol 


14 wt.% 




deionized water 


26 wt.% 



The glass beads are removed by filtration through a coarse stainless steel mesh. One part of the dispersion is trans- 
75 ferred to a beaker and diluted with three parts of 20 wt.% aqueous diethylene glycol solution. The combined mixture is 
stirred for 2 hours. Next, undispersed particles are removed from the mixture by filtration through a 3 micron membrane 
filter, a process whereby an ink for ink jet printing is obtained. 

COMPARATIVE EXAMPLE 3 

20 

[0135] The components listed below were mixed, and the mixture was dispersed in an Eiger Motormill M250 VSE- 
EXJ as described in Example 19. 



25 



30 



35 



FW 18 (carbon black pigment; Degussa Corp.; C.I. Pigment Black 7) 
Joncryl 62 (SC Johnson Polymer; acrylic resin solution; 34 wt.% solids) 
deionized water 



38 g 
84 g 
128 g 



After milling, 100 g of the dispersion was transferred to a beaker. The following components were added sequentially 
with stirring. 



40 



45 



50 



55 



glycerol 


30.0 g 


2-pyrrolidone 


15.0 g 


diethylene glycol mono-n-butyl ether 


20.0 g 


Surfynol 465 


2.5 g 


deionized water 


82.5 g 



[0136] The combined mixture was stirred for 2 hours. Next, the mixture was filtered through a 3 micron membrane 
filter, such that an ink suitable for ink jet printing was obtained. 

COMPARATIVE EXAMPLE 4 

[0137] The components listed below were mixed, and the mixture was dispersed in an Eiger Motormill M250 VSE- 
EXJ as described in Example 1 9. The polymer dispersant solution used in this example was a butyl methacrylate//meth- 
acrylic acid block copolymer (BMA//MA; 10//10) prepared according to the method of PREPARATION 3 described in 
U.S. 5,085,698, except that n-butyl methacrylate was omitted from Feed II. The block copolymer was neutralized with 
N.N-dimethylethanolamine and diluted according to method of Procedure A of the same patent, yielding a solution 
which contained 25 wt.% solids and had a pH value of 8.4. 
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FW 18 (carbon black pigment; Degussa Corp.; C.I. Pigment Black 7) 
BMA///MA block copolymer (25 wt.% solids) 
deionized water 



38.0 g 
110.5g 
101.5 g 



10 After milling, 100 g of the dispersion was transferred to a beaker. The following components were added sequentially 
with stirring. 



75 


glycerol 


30.0 g 




2-pyrrolidone 


15.0 g 




diethylene glycol mono-n-butyl ether 


20.0 g 


20 


Surfynol 465 


2.5 g 




deionized water 


82.5 g 



[0138] The combined mixture was stirred for 2 hours. Next, the mixture was filtered through a 3 micron membrane 
25 filter, such that an ink suitable for ink jet printing was obtained. 

Continuous Printing Test 

[0139] The reliability under continuous printing conditions of the above inks is evaluated as follows. First, the ink is 
30 degassed and sealed in a heat-sealable aluminum pack. Next, the ink is loaded into the print head of an MJ-800C 
printer (Product Name, Seiko Epson Corporation). A line pattern which uses all of the nozzles is printed initially to 
establish that ink is being ejected from all nozzles with good directionality. The printing pattern is changed to one with 
intermittent solid blocks and an all nozzle line pattern. The combination pattern fills an A4 size sheet of paper. The block 
and line pattern is printed continuously with a printed sheet being evaluated every 100 sheets for evidence of loss of 
35 directionality, clogged nozzles, or decreases in optical density of the solid blocks (less than 5%). For Examples 1-18, 
and Comparative Example 2, no loss of directionality, no clogged nozzles, and no decreases in optical density are 
expected to be observed for 10,000 printed sheets. For Comparative Example 1, loss of directionality is expected to 
occur at less than 5000 sheets. 

[0140] For Examples 19-24, no loss of directionality and no clogged nozzles were observed for 10,000 printed sheets. 
40 For Comparative Examples 3 and 4, loss of directionality occurred at less than 5000 sheets. 

Intermittent Printing Test 

[0141] The reliability under intermittent printing conditions of the above inks is evaluated as follows. First, the ink is 
45 degassed and sealed in a heat-sealable aluminum pack. Next, the ink is loaded into the print head of an MJ-800C 
printer. A line pattern which uses all of the nozzles is printed initially to establish that ink is being ejected from all nozzles 
with good directionality. The printing pattern is changed to one in which one drop is ejected from each nozzle succes- 
sively, followed by a resting period during which the print head remains uncovered and no ink drops are ejected. This 
pattern, consisting of all nozzle one dot ejections followed by a rest period, is repeated successively with the length of 
so the rest period increasing in units of 5 seconds. For example, the first rest period is 5 seconds, the second rest period 
is 1 0 seconds, the third rest period is 15 seconds, etc. The time interval of the rest period in which a nozzle first fails is 
recorded. For Examples 1-18 and Comparative Example 2, the minimum time interval before the first nozzle failure is 
expected to be greater than 90 seconds. For Comparative Example 1 , the minimum time interval before failure is 
expected to be less than 60 seconds. 

55 

Long Term Storage Test 



[0142] The reliability towards long term storage in the print head of the above inks is evaluated as follows. First, the 
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ink is degassed and sealed in a heat-sealable aluminum pack. Next, the ink is loaded into the print head of an MJ-800C 
printer. A line pattern which uses all of the nozzles is printed initially to establish that ink is being ejected from all nozzles 
with good directionality. Next, the ink supply is removed from the print head, and then the print head was removed from 
the printer. The uncapped print head is stored for 7 days at 40°C in a constant temperature oven. The print head is reat- 

5 tached to the printer and the ink supply is reattached to the print head. The cleaning operation of the printer is executed 
followed by a line pattern which uses all of the nozzles. The cleaning operation followed by the line pattern is repeated 
until all of the nozzles print with good directionality. The number of cleaning operations until all of the nozzles recover 
is recorded. For Examples 1-18 and Comparative Example 2, the number of cleaning operations necessary for full 
recovery is expected to be less than or equal to 3. For Comparative Example 1 , full recovery of all the nozzles is not 

w expected to be obtained even after 1 0 cleaning operations. 

[0143] The ink compositions of Examples 19-24 and Comparative Examples 3 and 4 were evaluated in the same 
manner as described above except that 1) an MJ-510C printer (Product Name, Seiko Epson Corporation) was used; 2) 
the ink compositions were loaded into an ink cartridge for the printer; and 3) the ink supply (ink cartridge) was not 
removed from the print head during storage in the constant temperature oven. For Examples 19-24, the number of 

15 cleaning operations necessary for full recovery was less than or equal to 3. For Comparative Examples 3 and 4, full 
recovery of all the nozzles was not obtained even after 1 0 cleaning operations. 

Thermal Cvclino Test 

20 [0144] The reliability towards two temperature extremes (-30°C and 60°C) of the above inks is evaluated as follows. 
First, the ink is degassed and sealed in a 30 mL glass sample bottle. The sample bottle is loaded into a 60°C constant 
temperature oven and stored at that temperature condition for 24 hours. The sample is removed from the oven and 
transferred to a -30°C constant temperature refrigerator and stored at that temperature condition for 24 hours. This two 
temperature cycle is repeated such that a total of ten cycles is completed. After the last cycle, the ink is thawed to room 

25 temperature, the glass sample bottle inverted without shaking, and the bottom of the sample bottle examined for pre- 
cipitates. For Examples 1-18 and Comparative Example 2. no precipitates are expected to be observed. For Compar- 
ative Example 1 , precipitate is expected to be observed. 

[0145] For Examples 19-24, no precipitates were observed. For Comparative Examples 3 and 4, precipitates were 
observed. 

30 

Drying Time Test 

[0146] The drying times of the above inks are evaluated by printing a series of solid block patterns and wiping the 
patterns in 10 second increments. The printing is carried out using an MJ-800C printer. The time in which the printed 
35 ink does not smear is recorded. For Examples 1-18 and Comparative Examples 1 and 2, the drying time is expected 
to be less than 30 seconds. 

Print Quality Test 

40 [0147] Print quality, using an MJ-800C printer for Examples 1-18 and Comparative Examples 1 and 2 and an MJ-930C 
(Product Name, Seiko Epson Corporation) for Examples 19-24 and Comparative Examples 3 and 4, is evaluated in the 
following way . A standard set of Japanese Kanji characters are printed using a Gothic and a Minchou font at a 4 point 
character size. The samples are printed at 720 dpi. Four types of plain paper are used: Xerox 4024, Xerox R, Yamayuri, 
and Conqueror Laid. The print samples are evaluated using an optical microscope. The following standards are used 

45 to evaluate the print quality: the Kanji characters are sharp with no filling of interior voids within the characters (A), the 
Kanji characters are sharp, but there is some filling of the interior voids within characters with stroke counts greater than 
about 15 (B), the Kanji characters are not sharp and there is considerable filling of interior voids within characters with 
stroke counts greater than about 10 (NG). The expected results of the print quality tests for Examples 1 - 18 and Com- 
parative Examples 1 and 2 are shown below in Table 1 . The actual results of the print quality tests for Examples 1 9 - 24 

so and Comparative Examples 3 and 4 are also shown below in Table 1 . 



TABLE 1 



Sample 


Colorant 


Pigment Dispersant 


Print Quality 


Example 1 


C.I. Pigment Black 7 


Pigment Dispersant A 


A 


Example 2 


C.I. Pigment Black 7 


Pigment Dispersant C 


A 



29 

BNSDOCID: <EP 0905207 A2_L> 



EP 0 905 207 A2 

TABLE 1 (continued) 



Sample 


Colorant 


Pigment Dispersant 


Print Quality 


Example 3 


C.I. Pigment Black 7 


Pigment Dispersant B 


A 


Example 4 


C.I. Pigment Black 7 


Pigment Dispersant D 


A 


Example 5 


C.I. Pigment Yellow 74 


Pigment Dispersant C 


A 


Example 6 


C.I. Pigment Green 7 | 


Pigment Dispersant D 


A 


Example 7 


C.I. Pigment Red 57:1 


Pigment Dispersant A 


A 


Example 8 


C.I. Pigment Blue 15:3 


Pigment Dispersant B 


A 


Example 9 


C.I. Pigment Black 7 


Pigment Dispersant E 


A 


Example 10 


C.I. Pigment Black 7 


Pigment Dispersant F 


A 


Example 1 1 


C.I. Pigment Black 7 


Pigment Dispersant G 


A 


Example 12 


C.I. Pigment Black 7 


Pigment Dispersant H 


A 


Example 13 


C.I. Pigment Black 7 


Pigment Dispersant I 


A 


Example 14 


C.I. Pigment Red 57:1 


Pigment Dispersant G 


A 


Example 15 


C.I. Pigment Blue 15:3 


Pigment Dispersant F 


A 


Example 16 


C.I. Pigment Blue 15:3 


Pigment Dispersant E 


A 


Example 17 


C.I. Pigment Yellow 74 


Pigment Dispersant H 


A 


Example 1 8 


C.I. Pigment Yellow 74 


Pigment Dispersant I 


A 


Example 19 


C.I. Pigment Black 7 


Pigment Dispersant J 


A 


Example 20 


C.I. Pigment Black 7 


Pigment Dispersant K 


A 


Example 21 


C.I. Pigment Black 7 


Pigment Dispersant L 


A 


Example 22 


C.I. Pigment Black 7 


Pigment Dispersant M 


A 


Example 23 


C.I. Pigment Black 7 


Pigment Dispersant N 


A 


Example 24 


C.I. Pigment Black 7 


Pigment Dispersant O 


A 


Comp. Ex. 1 


C.I. Pigment Black 7 


acrylic resin 


NG 


Comp. Ex. 2 


C.I. Pigment Black 7 


MMA//MMA/MA block copolymer 


B 


Comp. Ex. 3 


C.I. Pigment Black 7 


acrylic resin 


NG 


Comp. Ex. 4 


C.I. Pigment Black 7 


BMA//MA(10//10) block copolymer 


NG 



Claims 

1 . A pigment dispersed aqueous ink jet ink composition comprising: 

(a) water as the principal solvent; 

(b) a pigment; 

(c) a pigment dispersant wherein the dispersant is a derivative of a polyuronic acid in which a hydrophobic pol- 
ymer is covalently attached to the reducing terminus of the polyuronic acid. 

2. The ink composition of Claim 1 wherein the polyuronic acid is composed primarily of 1 ,4-linked polygalacturonic 
acid, polyguluronic acid, polyiduronic acid, or mixed polymers thereof. 

3. The ink composition of Claim 1 wherein the hydrophobic polymer is a homopolymer or copolymer prepared from at 
least one monomer selected from the group consisting of styrene or substituted styrenes, vinyl pyridine or substi- 
tuted vinyl pyridines, methacylic acid esters, acrylic acid esters, acrylonitrile, methacrylonitrile, butadiene, and iso- 
prene. 
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4. The ink composition of Claim 1 wherein the hydrophobic polymer is composed primarily of poly(dimethylsiloxane). 

5. The ink composition of Claim 1 wherein the hydrophobic polymer is a polyamide. 

s 6. The ink composition of Claim 5 wherein the polyamide is an N-acylated derivative of a polyamine, with the 
polyamine being one in which greater than 50% of the amine functionalities are either primary or secondary 
amines. 

7. The ink composition of Claim 6 wherein the polyamine is selected from the group of polyamines consisting of linear 
w polyethylenimines, branched polyethylenimines, polyallylamine, poly(N-alkyl)allylamines, and polyvinylamine. 

8. The ink composition of Claim 6 wherein the acyl groups, R-(CO)-, of the polyamide comprise at least one selected 
from the following acyl groups: C n H( 2n+1 )-(CO)-, in which n is greater than or equal to 3; phenyl-(CO)-; substituted 
phenyl-(CO)-; phenyl-CH 2 -(CO)-; substituted phenyl-CH 2 -(CO)-; phenyl-C 2 H 4 -(CO)-; and substituted phenyl- 

15 C 2 H 4 -(CO)-. 

9. The ink composition of Claim 1 wherein the hydrophobic polymer is a hydrophobic polyamine. 

1 0. The ink composition of Claim 9 wherein the hydrophobic polyamine is a poly- N -alkylated derivative of a water sol- 
20 uble polyamine. 

11. The ink composition of Claim 10 wherein the water soluble polyamine is selected from the group of water soluble 
polyamines consisting of polyethylenimines, polyallyamines, polyvinylamines, poly(propylene imine) dendrimers, 
and poly(amidoamine) dendrimers. 

25 

12. The ink composition of Claim 1 wherein said ink contains 0.1 to 10% pigment, 0.1 to 20% pigment dispersant, and 
70 to 99.8% aqueous earner medium. 

13. The ink composition of Claim 1 wherein the number average molecular weight of the polyuronic acid segment is 
30 greater than or equal to 700. 

1 4. The ink composition of Claim 1 wherein the number average molecular weight of the hydrophobic polymer segment 
is greater than or equal to 300. 

35 15. The ink composition of Claim 1 wherein the polyuronic acid segment of the pigment dispersant is neutralized with 
a neutralizing agent selected from the group consisting of organic bases, alkanolamines, alkali metal hydroxides, 
and mixtures thereof. 
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16. The ink composition of Claim 1 for use in ink jet printing. 

17. A printing method comprising depositing an ink composition of Claim 1 onto a recording medium. 

18. An ink jet printing method comprising ejecting and depositing droplets of an ink composition of Claim 1 onto a 
recording medium. 
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1 9. A recorded medium recorded by the method of claim 1 7 or 1 8. 

20. A polyuronic acid derivative comprising a polyuronic acid in which a hydrophobic polymer is covalently attached to 
the reducing terminus of the polyuronic acid. 

21 . The polyuronic acid derivative of Claim 20, wherein the number average molecular weight of the polyuronic acid 
segment is greater than or equal to 700. 

22. The polyuronic acid derivative of Claim 20, wherein the number average molecular weight of the hydrophobic pol- 
55 ymer segment is greater than or equal to 300. 

23. A dispersant comprising the polyuronic acid derivative of Claim 20. 
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